
May 7, 2007 
Prepared for:

Virginia’s Department of Environmental Quality

TToottaall MMaaxxiimmuumm DDaaiillyy LLooaadd
DDeevveellooppmmeenntt ffoorr tthhee
JJaammeess RRiivveerr BBaassiinn

Prepared by: 

MapTech, Inc. 
3154 State Street 
Blacksburg, VA  24060 
540.961.7864

New River Highlands RC&D
100 USDA Drive, Suite F

Wytheville VA  24382

New River-Highlands
RC&D





TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

TABLE OF CONTENTS 

TABLE OF CONTENTS..................................................................................................... i

TABLE OF FIGURES....................................................................................................... iv

LIST OF TABLES............................................................................................................. ix

ACKNOWLEDGEMENTS............................................................................................ xvii

EXECUTIVE SUMMARY ............................................................................................. xix

1. INTRODUCTION .....................................................................................................1-1

1.1 Background.......................................................................................................... 1-1

2. TMDL ENDPOINT AND WATER QUALITY ASSESSMENT.............................2-1

2.1 Applicable Water Quality Standards ................................................................... 2-1

2.2 Selection of a TMDL Endpoint............................................................................ 2-2

2.3 Selection of a TMDL Critical Condition. ............................................................ 2-3

2.4 Discussion of In-stream Water Quality................................................................ 2-4

2.4.1 Inventory of Water Quality Monitoring Data .............................................. 2-4

2.4.2 Trend and Seasonal Analyses .................................................................... 2-12

2.4.3 Analysis of BST Data ................................................................................ 2-12

2.4.4 Summary of In-stream Water Quality Monitoring Data............................ 2-14

3. SOURCE ASSESSMENT .........................................................................................3-1

3.1 Watershed Characterization ................................................................................. 3-1

3.2 Assessment of Point Sources ............................................................................... 3-5

3.3 Assessment of Nonpoint Sources....................................................................... 3-10

3.3.1 Private Residential Sewage Treatment ...................................................... 3-11

3.3.2 Biosolids .................................................................................................... 3-13

3.3.3 Pets ............................................................................................................. 3-13

3.3.4 Livestock.................................................................................................... 3-14

3.3.5 Wildlife ...................................................................................................... 3-19

TABLE OF CONTENTS i



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

4. MODELING PROCEDURE: LINKING THE SOURCES TO THE
ENDPOINT................................................................................................................4-1

4.1 Modeling Framework Selection........................................................................... 4-1

4.2 Model Setup ......................................................................................................... 4-2

4.3 Stream Characteristics ......................................................................................... 4-6

4.4 Selection of Representative Modeling Period...................................................... 4-8

4.5 Source Representation ....................................................................................... 4-10

4.5.1 Point Sources ............................................................................................. 4-11

4.5.2 Private Residential Sewage Treatment ...................................................... 4-12

4.5.3 Livestock.................................................................................................... 4-13

4.5.4 Biosolids .................................................................................................... 4-15

4.5.5 Wildlife ...................................................................................................... 4-16

4.5.6 Pets ............................................................................................................. 4-18

4.6 Sensitivity Analysis ........................................................................................... 4-18

4.6.1 Hydrology Sensitivity Analysis ................................................................. 4-20

4.6.2 Water Quality Parameter Sensitivity Analysis .......................................... 4-23

4.7 Model Calibration and Validation Processes..................................................... 4-31

4.7.1 Hydrologic Calibration and Validation...................................................... 4-31

4.7.2 HSPF Hydrologic Validation..................................................................... 4-35

4.7.3 Water Quality Calibration and Validation ................................................. 4-38

5. ALLOCATION..........................................................................................................5-1

5.1 Incorporation of a Margin of Safety .................................................................... 5-1

5.2 Scenario Development ......................................................................................... 5-2

5.2.1 Waste Load Allocations............................................................................... 5-3

5.2.2 Load Allocations.......................................................................................... 5-3

TABLE OF CONTENTS ii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

6. TMDL IMPLEMENTATION AND REASONABLE ASSURANCE......................6-1

6.1 Continuing Planning Process and Water Quality Management Planning ........... 6-1

6.2 Staged Implementation ........................................................................................ 6-1

6.3 Implementation of Waste Load Allocations ........................................................ 6-2

6.4 Stormwater........................................................................................................... 6-2

6.5 TMDL Modifications for New or Expanding Dischargers.................................. 6-3

6.6 Implementation of Load Allocations ................................................................... 6-3

6.6.1 Implementation Plan development .............................................................. 6-3

6.7 Link to Ongoing Restoration Efforts ................................................................. 6-13

6.8 Implementation Funding Sources ...................................................................... 6-14

6.9 Follow-Up Monitoring....................................................................................... 6-14

6.10 Attainability of Designated Uses ....................................................................... 6-15

7. PUBLIC PARTICIPATION ......................................................................................7-1

REFERENCES ............................................................................................................... R-1

GLOSSARY ................................................................................................................... G-1

APPENDIX A................................................................................................................. A-1

APPENDIX B ................................................................................................................. B-1

APPENDIX C ................................................................................................................. C-1

APPENDIX D................................................................................................................. D-1

APPENDIX E ................................................................................................................. E-1

TABLE OF CONTENTS iii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

TABLE OF FIGURES

Figure 1.1 Location of the James River Tributaries in Albemarle and 
Buckingham Counties..............................................................................1-3

Figure 1.2 Impaired stream segments in the James River Tributaries in 
Albemarle and Buckingham Counties. ....................................................1-5

Figure 2.1 Location of VADEQ water quality monitoring stations used for
TMDL assessment in the James River Tributaries in Albemarle
and Buckingham Counties. ......................................................................2-6

Figure 2.2 Location of BST water quality monitoring stations in the James
River Tributaries in Albemarle and Buckingham Counties.....................2-7

Figure 3.1 Land uses in the watershed of the James River Tributaries in 
Albemarle and Buckingham Counties. ....................................................3-4

Figure 3.2 Location of VPDES permitted point sources in the James River 
Tributaries in Albemarle and Buckingham Counties...............................3-8

Figure 3.3 Location of VPA and CAFO permitted point sources in the
James River Tributaries in Albemarle and Buckingham 
Counties. ................................................................................................3-10

Figure 4.1 Subwatersheds delineated for modeling and location of VADEQ 
Water Quality Monitoring Stations in the watershed of the 
James River tributaries in Albemarle and Buckingham counties. ...........4-4

Figure 4.2 Stream profile representation in HSPF. ...................................................4-7

Figure 4.3 Annual Historical Flow (USGS Station 02030500) and 
Precipitation (Stations 441136, 440993, 446491) Data ...........................4-9

Figure 4.4 Seasonal Historical Flow (USGS Station 02030500) and 
Precipitation (Stations 441136, 440993, 446491) Data .........................4-10

Figure 4.5 Example of raccoon habitat layer in the watershed of the James 
River tributaries in Albemarle and Buckingham counties, as
developed by MapTech..........................................................................4-17

Figure 4.6 Results of sensitivity analysis on monthly geometric-mean
concentrations at outlet of Slate River, as affected by changes in 
the in-stream first-order decay rate (FSTDEC). ....................................4-25

Figure 4.7 Results of sensitivity analysis on monthly geometric-mean
concentrations at outlet of Slate River, as affected by changes in 
maximum fecal accumulation on land (MON-SQOLIM). ....................4-26

Figure 4.8 Results of sensitivity analysis on monthly geometric-mean
concentrations at outlet of Slate River, as affected by changes in 
the wash-off rate from land surfaces (WSQOP). ...................................4-27

TABLE OF FIGURES iv



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Figure 4.9 Results of total loading sensitivity analysis for outlet of Slate
River.......................................................................................................4-28

Figure 4.10 Results of sensitivity analysis on monthly geometric-mean
concentrations for Slate River watershed, as affected by changes
in land-based loadings............................................................................4-29

Figure 4.11 Results of sensitivity analysis on monthly geometric-mean
concentrations for Slate River watershed, as affected by changes
in loadings from direct nonpoint sources...............................................4-30

Figure 4.12 Slate River flow duration at USGS Gaging Station 02030500 
for calibration period 10/1/1992 through 9/30/1995 (subshed 
10). .........................................................................................................4-33

Figure 4.13 Calibration results for period 10/1/1992 through 9/30/1995 at 
USGS Gaging Station 02044500 on Slate River (subshed 10)..............4-34

Figure 4.14 Slate River flow duration (10/01/1987 through 09/30/1990). ...............4-36

Figure 4.15 Hydrology validation results for Slate River (10/01/1987 
through 09/30/1990)...............................................................................4-37

Figure 4.16 Quality calibration results for period 10/1/1996 to 9/30/1999
Frisby Branch,  subshed 2 VADEQ Station 2-FRY000.35. ..................4-39

Figure 4.17 Quality calibration results for period 10/1/1996 to 9/30/1999
Austin Creek,  subshed 13 VADEQ Station 2-AUS001.12...................4-40

Figure 4.18 Quality calibration results for period 10/1/1996 to 9/30/1999
North River, subshed 15 VADEQ Station 2-NTH001.65......................4-41

Figure 4.19 Quality calibration results for period 10/1/1996 to 9/30/1999
Slate River, subshed 10 VADEQ Station 2-SLT003.68. .......................4-42

Figure 4.20 Quality calibration results for period 10/1/1996 to 9/30/1999
Rock Island Creek, subshed 34 VADEQ Station 2-RKI003.40. ...........4-43

Figure 4.21 Quality calibration results for period 10/1/1996 to 9/30/1999
Ballinger Creek, subshed 37 VADEQ Station 2-BLR003.00................4-44

Figure 4.22 Quality calibration results for period 10/1/1996 to 9/30/1999
Totier Creek, downstream of the confluence of subsheds 39 and 
41, VADEQ Station 2-TOT002.61. .......................................................4-45

Figure 4.23 Quality calibration results for period 10/1/1996 to 9/30/1999
Troublesome Creek, at the outlet of subshed 17, VADEQ 
Station 2-TBM000.80. ...........................................................................4-46

Figure 5.1 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 2, Frisby Branch impairment...........................................5-18

Figure 5.2 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 13, Austin Creek impairment. .........................................5-19

TABLE OF FIGURES v



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Figure 5.3 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 5, Upper Slate River impairment. ...................................5-20

Figure 5.4 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 16, North River impairment. ...........................................5-21

Figure 5.5 Existing and allocation scenarios of E. coli concentrations in 
model segment 4 subwatershed 17, Troublesome Branch 
impairment. ............................................................................................5-22

Figure 5.6 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 10, Lower Slate River impairment. .................................5-23

Figure 5.7 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 34, Rock Island Creek impairment..................................5-24

Figure 5.8 Existing and allocation scenarios of E. coli concentrations in 
model segment 6 subwatershed 37, Ballinger Creek impairment..........5-25

Figure 5.9 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 39, Totier Creek impairment. ..........................................5-26

Figure 5.10 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 2, Frisby Branch impairment...........................................5-28

Figure 5.11 Existing and allocation scenarios of E. coli concentrations in 
model segment 1 subwatershed 13, Austin Creek impairment..............5-29

Figure 5.12 Existing and allocation scenarios of E. coli concentrations in 
model segment 1 subwatershed 5, Upper Slate River
impairment. ............................................................................................5-30

Figure 5.13 Existing and allocation scenarios of E. coli concentrations in 
model segment 2 subwatershed 16, North River impairment................5-31

Figure 5.14 Existing and allocation scenarios of E. coli concentrations in 
segment 4 subwatershed 17, Troublesome Branch impairment. ...........5-32

Figure 5.15 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 10, Lower Slate River impairment. .................................5-33

Figure 5.16 Existing and allocation scenarios of E. coli concentrations in 
model segment 6 subwatershed 34, Rock Island Creek 
impairment. ............................................................................................5-34

Figure 5.17 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 37, Ballinger Creek impairment......................................5-35

Figure 5.18 Existing and allocation scenarios of E. coli concentrations in 
subwatershed 39, Totier Creek impairment. ..........................................5-36

Figure C. 1 Quality validation results for period 10/1/1999 to 9/30/2001
Frisby Branch, subshed 2 VADEQ Station 2-FRY000.35. .................... C-2

TABLE OF FIGURES vi



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Figure C. 2 Quality validation results for period 10/1/1999 to 9/30/2001
Austin Creek, subshed 13 VADEQ Station 2-AUS001.12..................... C-2

Figure C. 3 Quality validation results for period 10/1/1999 to 9/30/2001
North River, subshed 15 VADEQ Station 2-NTH001.65....................... C-3

Figure C. 4 Quality validation results for period 10/1/1999 to 9/30/2001
Slate River, subshed 10 VADEQ Station 2-SLT003.68. ........................ C-3

Figure C. 5 Quality validation results for period 10/1/1999 to 9/30/2001
Troublesome Creek, subshed 17 VADEQ Station 2-
TBM000.80............................................................................................. C-4

Figure C. 6 Quality validation results for period 10/1/1999 to 9/30/2001
Rock Island Creek, subshed 34 VADEQ Station 2-RKI003.40. ............ C-4

Figure C. 7 Quality validation results for period 10/1/1999 to 9/30/2001
Ballinger Creek, subshed 37 VADEQ Station 2-BAL003.00................. C-5

Figure C. 8 Quality validation results for period 10/1/1999 to 9/30/2001
Totier Creek, subshed 39 VADEQ Station 2-TOT002.61...................... C-5

Figure D. 1 Relationship between fecal coliform concentrations (VADEQ 
Station 2-AUS001.12) and discharge (USGS Gaging Station # 
02030000) in the Austin Creek impairment............................................ D-2

Figure D. 2 Relationship between fecal coliform concentrations (VADEQ 
Station 2-BLR003.00) and discharge (USGS Gaging Station 
#02030000) in the Ballinger Creek impairment. .................................... D-2

Figure D. 3 Relationship between fecal coliform concentrations (VADEQ 
Station 2-FRY000.35) and discharge (USGS Gaging Station 
#02030000) in the Frisby Branch impairment. ....................................... D-3

Figure D. 4 Relationship between fecal coliform concentrations (VADEQ 
Station 2-FRY003.00) and discharge (USGS Gaging Station 
#02030000) in the Frisby Branch impairment. ....................................... D-3

Figure D. 5 Relationship between fecal coliform concentrations (VADEQ 
Station 2-NTH001.65) and discharge (USGS Gaging Station 
#02030000) in the North River impairment............................................ D-4

Figure D. 6 Relationship between fecal coliform concentrations (VADEQ 
Station 2-NTH003.00) and discharge (USGS Gaging Station 
#02030000) in the North River impairment............................................ D-4

Figure D. 7 Relationship between fecal coliform concentrations (VADEQ 
Station 2-RKI003.40) and discharge (USGS Gaging Station 
#02030000) in the Rock Island Creek impairment. ................................ D-5

Figure D. 8 Relationship between fecal coliform concentrations (VADEQ 
Station 2-SLT003.68) and discharge (USGS Gaging Station 
#02030000) in the Slate Creek impairment. ........................................... D-5

TABLE OF FIGURES vii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Figure D. 9 Relationship between fecal coliform concentrations (VADEQ 
Station 2-SLT024.72) and discharge (USGS Gaging Station 
#02030000) in the Slate Creek impairment. ........................................... D-6

Figure D. 10 Relationship between fecal coliform concentrations (VADEQ 
Station 2-SLT030.19) and discharge (USGS Gaging Station 
#02030000) in the Slate Creek impairment. ........................................... D-6

Figure D. 11 Relationship between fecal coliform concentrations (VADEQ 
Station 2-TBM000.80) and discharge (USGS Gaging Station 
#02030000) in the Troublesome Creek impairment. .............................. D-7

Figure D. 12 Relationship between fecal coliform concentrations (VADEQ 
Station 2-TOT002.61) and discharge (USGS Gaging Station 
#02030000) in the Totier Creek impairment. ......................................... D-7

TABLE OF FIGURES viii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

LIST OF TABLES

Table ES.1 Average annual E. coli loads (cfu/year) modeled after allocation
in the Frisby Branch watershed at the outlet. ............................................ xxv

Table ES.2 Average annual E. coli loads (cfu/year) modeled after allocation
in the Austin Creek watershed at the outlet.............................................. xxvi

Table ES.3 Average annual E. coli loads (cfu/year) modeled after allocation
in the Upper Slate River watershed at the outlet. ..................................... xxvi

Table ES.4 Average annual E. coli loads (cfu/year) modeled after allocation
in the Troublesome Creek watershed at the outlet. .................................. xxvi

Table ES.5 Average annual E. coli loads (cfu/year) modeled after allocation
in the North River watershed at the outlet................................................ xxvi

Table ES.6 Average annual E. coli loads (cfu/year) modeled after allocation
in the Lower Slate River watershed at the outlet. ................................... xxvii

Table ES.7 Average annual E. coli loads (cfu/year) modeled after allocation
in the Rock Island Creek watershed at the outlet. ................................... xxvii

Table ES.8 Average annual E. coli loads (cfu/year) modeled after allocation
in the Ballinger Creek watershed at the outlet. ....................................... xxvii

Table ES.9 Average annual E. coli loads (cfu/year) modeled after allocation
in the Totier Creek watershed at the outlet. ............................................ xxvii

Table 1.1 Fecal coliform impairments on 2004 305(b)/303(d) Water 
Quality Assessment Integrated Report in the James River 
Tributaries in Albemarle and Buckingham Counties. ................................1-9

Table 2.1 TMDL endpoints for the impairments in the James River 
Tributaries in Albemarle and Buckingham Counties. ................................2-3

Table 2.2 Summary of fecal coliform (cfu/100 mL) sampling conducted by 
VADEQ for the period January 1990 through January 2006.....................2-8

Table 2.3 Summary of E. coli (cfu/100 mL) sampling conducted by 
VADEQ for the period March 2003 through January 2006.......................2-9

Table 2.4 Summary of E. coli (cfu/100 ml) sampling conducted by VADEQ 
during TMDL development (July 2005 – June 2006)..............................2-11

Table 2.5 Summary of fecal coliform (cfu/100 ml) sampling conducted by 
VADEQ during TMDL development (July 2005 – June 2006)...............2-11

Table 2.6 Load-weighted average proportions of fecal bacteria originating
from wildlife, human, livestock, and pet sources.....................................2-13

Table 3.1 Contributing land use area for impaired segments in the James
River Tributaries in Albemarle and Buckingham Counties. ......................3-3

LIST OF TABLES ix



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table 3.2 Agricultural production rankings for Albemarle and Buckingham
Counties compared to all counties in Virginia. ..........................................3-5

Table 3.3 Number of wildlife species, mammal types, and bird types 
inhabiting Albemarle and Buckingham Counties*. ...................................3-5

Table 3.4 Summary of VPDES permitted point sources in the James River 
Tributaries in Albemarle and Buckingham Counties. ................................3-7

Table 3.5 Summary of VPA and CAFO permits in the James River
Tributaries in Albemarle and Buckingham Counties. ................................3-9

Table 3.6 Human population, housing units, houses on sanitary sewer, 
septic systems, and other sewage disposal systems for 2006 in 
areas contributing to impaired segments in the James River 
Tributaries in Albemarle and Buckingham Counties. ..............................3-12

Table 3.7 Domestic animal population density, waste load, and fecal 
coliform density........................................................................................3-14

Table 3.8 Estimated domestic animal populations in areas contributing to 
impaired segments in the James River Tributaries in Albemarle
and Buckingham Counties. ......................................................................3-14

Table 3.9 Livestock populations in areas contributing to impaired segments
in the James River Tributaries in Albemarle and Buckingham
Counties (1997 – 2006). ...........................................................................3-16

Table 3.10 Average fecal coliform densities and waste loads associated with 
livestock. ..................................................................................................3-17

Table 3.11 Average percentage of collected livestock waste applied
throughout year. .......................................................................................3-18

Table 3.12 Transfer of poultry litter within the James River Tributaries in
Albemarle and Buckingham Counties......................................................3-18

Table 3.13 Average time beef cows not confined in feedlots spend in pasture
and stream access areas per day. ..............................................................3-19

Table 3.14 Wildlife population density. .....................................................................3-21

Table 3.15 Wildlife populations in the James River Tributaries in Albemarle
and Buckingham Counties. ......................................................................3-21

Table 3.16 Wildlife fecal production rates and habitat. .............................................3-22

Table 3.17 Average fecal coliform densities and percentage of time spent in
stream access areas for wildlife................................................................3-23

Table 4.1 Consolidation of MRLC land use categories for the James River
Tributaries in Albemarle and Buckingham Counties. ................................4-5

Table 4.2 Summary of Manning's roughness coefficients for channel cells*. ...........4-7

Table 4.3 Example of an “F-table” calculated for the HSPF model. .........................4-8

LIST OF TABLES x



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table 4.4   Comparison of modeled period to historical records...................................4-10

Table 4.5  HSPF base parameter values used to determine hydrologic 
model response. ........................................................................................4-20

Table 4.6 HSPF Sensitivity analysis results for hydrologic model 
parameters, Slate River. ...........................................................................4-21

Table 4.6 HSPF Sensitivity analysis results for hydrologic model 
parameters, Slate River (continued). ........................................................4-22

Table 4.7 Base parameter values used to determine water quality model 
response. ...................................................................................................4-23

Table 4.8 Percent change in average monthly E. coli geometric mean for 
the years 1997-1999 for outlet of Slate River. .........................................4-24

Table 4.9 Model parameters utilized for hydrologic calibration..............................4-32

Table 4.10 Hydrology calibration criteria and model performance for period 
10/1/1992 through 9/30/1995 at USGS Gaging Station 02030500 
on Slate River (subshed 10). ....................................................................4-32

Table 4.11 Hydrology validation criteria and model performance for Slate 
River for the period 10/01/1987 through 9/30/1990. ...............................4-35

Table 4.12 Model parameters utilized for water quality calibration. .........................4-38

Table 4.13 Results of analyses on calibration runs. ...................................................4-48

Table 4.14 Comparison of modeled and observed geometric means.........................4-49

Table 5.1 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 2, Frisby Branch. ................................5-5

Table 5.2 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 13, Austin Creek. ................................5-7

Table 5.3 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 5, Upper Slate River. ..........................5-8

Table 5.4 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 17, Troublesome Creek. ...................5-10

Table 5.5 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 16, North River. ................................5-11

Table 5.6 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 12, Lower Slate River.......................5-13

Table 5.7 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 35, Rock Island Creek. .....................5-14

Table 5.8 Allocation scenarios for bacterial concentration with current
loading estimates in subwatershed 38, Ballinger Creek...........................5-15

LIST OF TABLES xi



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table 5.9 Allocation scenarios for bacterial concentration with current
loading estimates in model segment 39, Totier Creek. ............................5-17

Table 5.10 Land-based and Direct nonpoint source fecal coliform load 
reductions in the Frisby Branch impairment for final allocation. ............5-37

Table 5.11 Land-based and direct source fecal coliform load reductions in
the Austin Creek impairment for final allocation.....................................5-38

Table 5.12 Land-based and direct source fecal coliform load reductions in
the Upper Slate River impairment for final allocation. ............................5-38

Table 5.13 Land-based and direct source fecal coliform load reductions in
the Troublesome Creek impairment for final allocation. .........................5-39

Table 5.14 Land-based and direct source fecal coliform load reductions in
the North River impairment for final allocation.......................................5-39

Table 5.15 Land-based and direct source fecal coliform load reductions in
the Lower Slate River impairment for final allocation. ...........................5-40

Table 5.16 Land-based and direct source fecal coliform load reductions in
the Rock Island Creek impairment for final allocation. ...........................5-40

Table 5.17 Land-based and direct source fecal coliform load reductions in
the Ballinger Creek impairment for final allocation. ...............................5-41

Table 5.18 Land-based and direct source fecal coliform load reductions in
the Totier Creek impairment for final allocation......................................5-41

Table 5.19 Average annual E. coli (cfu/year) modeled after TMDL 
allocation at the outlets of the James River Tributaries in 
Albemarle and Buckingham Counties Study Area impairments. ............5-42

Table 5.20 Daily maximum E. coli loads (cfu/day) for the James River
Tributaries in Albemarle and Buckingham Counties Study Area 
impairments. .............................................................................................5-43

Table 6.1 Bacteria reduction scenarios for Frisby Branch. ........................................6-6

Table 6.2 Bacteria reduction scenarios for Austin Creek...........................................6-6

Table 6.3 Bacteria reduction scenarios for Upper Slate River. ..................................6-6

Table 6.4 Bacteria reduction scenarios for North River.............................................6-7

Table 6.5 Bacteria reduction scenarios for Troublesome Creek. ...............................6-7

Table 6.6 Bacteria reduction scenarios for Lower Slate River...................................6-7

Table 6.7 Bacteria reduction scenarios for Rock Island Creek. .................................6-8

Table 6.8 Bacteria reduction scenarios for Ballinger Creek. .....................................6-8

Table 6.9 Bacteria reduction scenarios for Totier Creek............................................6-8

LIST OF TABLES xii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table 6.10 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Frisby Branch watershed for existing
conditions and for the Stage 1 implementation management
scenario.......................................................................................................6-9

Table 6.11 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Austin Creek watershed for existing conditions 
and for the Stage 1 implementation management scenario........................6-9

Table 6.12 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Upper Slate River watershed for existing 
conditions and for the Stage 1 implementation management
scenario.....................................................................................................6-10

Table 6.13 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Troublesome Creek watershed for existing 
conditions and for the Stage 1 implementation management
scenario.....................................................................................................6-10

Table 6.14 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the North River watershed for existing conditions 
and for the Stage 1 implementation management scenario......................6-11

Table 6.15 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Lower Slate River watershed for existing
conditions and for the Stage 1 implementation management
scenario.....................................................................................................6-11

Table 6.16 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Rock Island Creek watershed for existing
conditions and for the Stage 1 implementation management
scenario.....................................................................................................6-12

Table 6.17 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Ballinger Creek watershed for existing
conditions and for the Stage 1 implementation management
scenario.....................................................................................................6-12

Table 6.18 Fecal coliform land-based loads deposited on all land uses and 
direct loads in the Totier Creek watershed for existing conditions
and for the Stage 1 implementation management scenario......................6-13

Table 7.1 Public participation during TMDL development for the James
River Tributaries in Albemarle and Buckingham Counties 
watersheds. .................................................................................................7-2

Table A. 1 Summary of trend analysis on flow (cfs). ................................................. A-2

Table A. 2 Summary of the Mood’s Median Test on mean monthly flow at
USGS Station 02030500 (p<0.001). ......................................................... A-2

Table A. 3 Summary of trend analysis on precipitation (in). ...................................... A-2

LIST OF TABLES xiii



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table A. 4 Summary of trend analysis on fecal coliform (cfu)................................... A-3

Table B.1 Summary of bacterial source tracking results from water samples 
collected in the Austin Creek impairment................................................. B-2

Table B.2 Summary of bacterial source tracking results from water samples 
collected in the Ballinger Creek impairment............................................. B-2

Table B.3 Summary of bacterial source tracking results from water samples 
collected in the Frisby Branch impairment. .............................................. B-3

Table B.4 Summary of bacterial source tracking results from water samples 
collected in the North River impairment................................................... B-3

Table B.5 Summary of bacterial source tracking results from water samples 
collected in the Rock Island Creek impairment. ....................................... B-3

Table B.6 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment. ................................................... B-4

Table B.7 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment. ................................................... B-4

Table B.8 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment. ................................................... B-5

Table B.9 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment. ................................................... B-5

Table B.10 Summary of bacterial source tracking results from water samples 
collected in the Troublesome Creek impairment. ..................................... B-6

Table B.11 Summary of bacterial source tracking results from water samples 
collected in the Totier Creek impairment.................................................. B-6

Table E.1 Current conditions of land applied E. coli load by land use for the
Austin Creek watershed (subwatershed 13). ............................................. E-2

Table E.2 Current conditions of land applied E. coli load by land use for the
Ballinger Creek watershed (subwatersheds 37 & 38). .............................. E-2

Table E.3 Current conditions of land applied E. coli load by land use for the
Frisby Branch watershed (subwatershed 2)............................................... E-3

Table E.4 Current conditions of land applied E. coli load by land use for the
North River watershed (subwatersheds 13,14,15,16 & 22). ..................... E-3

Table E.5 Current conditions of land applied E. coli load by land use for the
Rock Island Creek watershed (subwatersheds 34,35 & 36)...................... E-4

Table E.6 Current conditions of land applied E. coli load by land use for the
Lower Slate River watershed (subwatersheds
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,2
5,26,27, 28,29,30,31,32 & 33). ................................................................. E-4

LIST OF TABLES xiv



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.7 Current conditions of land applied E. coli load by land use for the
Upper Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 21,22 & 23). ..................... E-5

Table E.8 Current conditions of land applied E. coli load by land use for the
Totier Creek watershed (subwatersheds 39,40 & 41). .............................. E-5

Table E.9 Current conditions of land applied E. coli load by land use for the
Troublesome Creek watershed (subwatersheds 17 & 23). ........................ E-6

Table E.10 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Austin Creek watershed (subwatershed 13).................................... E-6

Table E.11 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Austin Creek watershed (cont)........................................................ E-6

Table E.12 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Ballinger Creek watershed (subwatersheds 37 & 38). .................... E-7

Table E.13 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Ballinger Creek watershed (cont). .................................................. E-7

Table E.14 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Frisby Branch watershed (subwatershed 2). ................................... E-7

Table E.15 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Frisby Branch watershed (cont). ..................................................... E-7

Table E.16 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the North River watershed (subwatersheds 13,14,15,16 & 22). ........... E-8

Table E.17 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the North River watershed (cont).......................................................... E-8

Table E.18 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Rock Island Creek watershed (subwatersheds 34,35 & 36)............ E-9

Table E.20 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,2
5,26,27,28,29,30,31,32 & 33). ................................................................ E-10

Table E.21 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (cont).............................................. E-11

Table E.22 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (cont).............................................. E-12

Table E.23 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (cont).............................................. E-12

Table E.24 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (cont).............................................. E-13

LIST OF TABLES xv



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.25 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Lower Slate River watershed (cont).............................................. E-14

Table E.26 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Upper Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,21,22 & 23). .................... E-15

Table E.27 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Upper Slate River watershed (cont). ............................................. E-16

Table E.28 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Totier Creek watershed (subwatersheds 39,40 & 41). .................. E-17

Table E.29 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Totier Creek watershed (cont)....................................................... E-17

Table E.30 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Troublesome Creek watershed (subwatersheds 17 & 23)............. E-18

Table E.31 Monthly, directly deposited E. coli loads (cfu/day) in each reach
of the Troublesome Creek watershed (cont). .......................................... E-18

Table E.32 Existing annual loads from direct-deposition sources for the
Austin Creek watershed (subwatershed 13). ........................................... E-18

Table E.33 Existing annual loads from direct-deposition sources for the
Ballinger Creek watershed (subwatersheds 37 & 38). ............................ E-19

Table E.34 Existing annual loads from direct-deposition sources for the
Frisby Branch watershed (subwatershed 2)............................................. E-19

Table E.35 Existing annual loads from direct-deposition sources for the
North River watershed (subwatersheds 13,14,15,16 & 22). ................... E-20

Table E.36 Existing annual loads from direct-deposition sources for the Rock 
Island Creek watershed (subwatersheds 34,35 & 36). ............................ E-20

Table E.37 Existing annual loads from direct-deposition sources for the
Lower Slate River watershed (subwatersheds
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,2
5,26,27,28,29,30,31,32 & 33). ................................................................ E-21

Table E.38 Existing annual loads from direct-deposition sources for the
Upper Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 21,22 & 23). ................... E-22

Table E.39 Existing annual loads from direct-deposition sources for the
Totier Creek watershed (subwatersheds 39,40 & 41). ............................ E-22

Table E.40 Existing annual loads from direct-deposition sources for the
Troublesome Creek watershed (subwatersheds 17 & 23). ...................... E-23

LIST OF TABLES xvi



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

ACKNOWLEDGEMENTS

Virginia Department of Environmental Quality (VADEQ), Central Office 

VADEQ, South Central Regional Office 

VADEQ, Valley Regional Office 

Virginia Department of Conservation and Recreation (VADCR) 

Peter Francisco Soil and Water Conservation District 

Thomas Jeffereson Soil and Water Conservation District 

Albemarle County Farm Bureau 

Buckingham County Extension Office 

Virginia Department of Health 

New River-Highlands RC&D 

Local citizens and stakeholders in the James River Tributaries in Albemarle and 
Buckingham Counties watersheds 

MapTech, Inc. of Blacksburg, Virginia, supported this study as a subcontractor to 
New River-Highlands RC&D, 
through funding provided by 

Virginia Department of Environmental Quality contract #12469

ACKNOWLEDGEMENTS xvii





TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

EXECUTIVE SUMMARY

Water Quality Impairments

Totier Creek and Ballinger Creek in southern Albemarle County and Rock Island Creek

and the Slate River in Buckingham County were placed on the 303(d) list for not 

supporting the recreational use.  These streams drain directly to the James River.  In 

addition, four tributaries to the Slate River and an upstream Slate River segment in 

Buckingham County were found not to be supporting the recreational use.  Therefore

TMDLs are required for nine impaired segments in Albemarle and Buckingham

Counties.  These impaired segments are described below. 

Frisby Branch (VAC-H21R-02) begins at the headwaters at river mile 3.93 and extends to 

its confluence with Grease Creek.  Frisby Branch was assessed as Partially Supporting on 

the 2004 impaired waters list due to violations of the instantaneous fecal coliform water

quality standard found in 2 of 8 samples taken at station 2-FRY000.35 and 4 of 9 samples

taken at 2-FRY003.00.  Frisby Branch was initially placed on the 303(d) list in 2002.

The Austin Creek impairment begins at the headwaters and extends downstream to the

confluence with the North River (6.14 stream miles).  Fecal concentrations exceeded the 

instantaneous water quality standard in 3 of 9 samples taken at 2-AUS001.12.  Austin 

Creek was initially placed on the 303(d) list in 2002. 

Troublesome Creek was listed as impaired because fecal coliform counts exceeded the 

instantaneous water quality standard in 2 of 9 samples taken at 2-TBM000.80 in the 2004 

305(b)/303(d) integrated water quality report.  The impaired segment begins at the 

headwaters and extends to the confluence with the Slate River (0.95 stream miles). 

Troublesome Creek was initially placed on the 303(d) list in 2004. 

The North River (VAC-H21R-03) impairment begins at the confluence with Meadow 

Creek at river mile 8.44 and ends at the mouth at the Slate River (river mile 0.00).  Fecal 

coliform counts exceeded the instantaneous water quality standard in 5 of 21 samples 
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taken at 2-NTH001.65 and 7 of 9 samples taken at 2-NTH003.88.  The North River was

initially placed on the 303(d) list in 2002. 

Rock Island Creek in Buckingham County (VAV-H17R-04) was listed as impaired

because three fecal coliform instantaneous water quality standard violations out of 19 

samples taken at station 2-RKI003.40.  The impairment begins at the headwaters at river 

mile 8.84 and ends at the James River confluence at river mile 0.00.  Rock Island Creek 

was initially placed on the 303(d) list in 2004. 

Two Slate River impairments are listed.  The Slate River (VAC-H21R-04) begins at the 

confluence with Grease Creek (river mile 34.93) and ends at the confluence with Walton 

Fork (river mile 21.65) for a total 13.28 stream miles. Fecal coliform counts exceeded 

the instantaneous standard in 3 of 10 samples taken at 2-SLT024.72 and in 5 of 9 samples

taken at 2-SLT030.19.

The second Slate River segment (VAC-H22R-01) begins at the confluence with Sharps 

Creek and extends to the mouth of the James River for a total of 7.12 stream miles.  Fecal 

coliform bacteria exceeded the instantaneous standard in 4 of 27 samples taken at 2-

SLT003.88.  Both Slate River impairments were initially placed on the 303(d) list in

2002.

Ballinger Creek was listed on the 2004 305(b)/303(d) Water Quality Assessment

Integrated Report because fecal coliform counts exceeded the instantaneous water quality

standard in three of 13 samples taken at 2-BLR003.00.  The impaired segment begins at 

the headwaters and extends to the confluence with the James River (9.82 stream miles).

Ballinger Creek was initially placed on the 303(d) list in 2004.

The Totier Creek impairment (VAV-H17R-01) begins at the headwaters (river mile

11.29) and ends at the James River confluence (river mile 0.00).  Totier Creek was listed 

as impaired because there were 13 fecal coliform instantaneous water quality standard

violations out of 49 samples taken at VADEQ station 2-TOT002.61.  Totier Creek was 

initially placed on the 303(d) list in 2002. 
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TMDL Development 

A TMDL (Total Maximum Daily Load) must be established for each impaired segment.

A TMDL represents the total amount of a pollutant a water body can contain and still 

meet water quality standards. 

Fecal Coliform Bacteria 

Fecal coliform bacteria TMDLs in the Commonwealth of Virginia are developed using

the E. coli standard.  The E. coli water quality standard was adopted because there is a 

stronger correlation between the concentration of these organisms (E. coli and 

enterococci) and the incidence of gastrointestinal illness than with fecal coliform. E. coli

and enterococci are both bacteriological organisms that can be found in the intestinal 

tract of warm-blooded animals.  Like fecal coliform bacteria, these organisms indicate the

presence of fecal contamination.  The adoption of the E. coli and enterococci standard 

became effective in Virginia on January 15, 2003.  For this TMDL development, the in-

stream E. coli target was a geometric mean not exceeding 126-cfu/100 mL and a single

sample maximum of 235-cfu/100 mL.  A translator developed by VADEQ was used to 

convert fecal coliform values to E. coli values. 

Modeling Procedures 

Hydrology

The US Geological Survey (USGS) Hydrologic Simulation Program - Fortran (HSPF) 

water quality model was selected as the modeling framework to model hydrology and 

fecal coliform loads.

For purposes of modeling the streamflow and fecal bacteria concentrations in the 

impaired streams, the drainage area was divided into 41 subwatersheds.

The Slate River gage #02030500 near Arvonia was utilized to calibrate the hydrology of 

the nine impaired watersheds.  A hydrologically stable time period used for hydrologic 
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calibration covered the period 10/1/1992 through 9/30/1995.  A hydrology validation 

period of 10/1/1987 through 9/30/1990 was used.

The fecal coliform calibration for the impairments in the James River Tributaries in 

Albemarle and Buckingham Counties was conducted using monitored data collected at 

VADEQ monitoring stations.  Modeled fecal coliform levels closely resembled observed 

levels indicating that the model was well calibrated.  A water quality calibration period of 

10/1/1996 – 9/30/1999 was used in the model.  The validation period was 10/1/1999 – 

9/30/2001.

Existing Conditions 

Fecal Coliform Bacteria 

Potential sources of fecal coliform bacteria include both point source and nonpoint source 

(NPS) contributions.  Nonpoint sources include: wildlife, grazing livestock, land 

application of manure and biosolids, urban/residential runoff, failed and malfunctioning

septic systems, and uncontrolled discharges (straight pipes).  There are currently three 

active point sources in the Slate River watershed that are permitted for bacterial removal.

In addition there are six single-family general wastewater permits in the Slate River

watershed.  These discharges are small (<1,000 g/day) and are expected to meet the 126-

cfu/100 mL E. coli standard. 

Wildlife populations, the rate of failure of septic systems, domestic pet populations, and 

numbers of livestock in the Slate River and southern Albemarle County impairments are 

examples of land-based nonpoint sources used to calculate fecal coliform loads.  Also 

represented in the model were direct nonpoint sources of uncontrolled discharges, direct 

deposition by wildlife, and direct deposition by livestock.  Contributions from all of these

sources were updated to 2006 conditions to establish existing conditions for the

watershed.  The calibrated HSPF model predicted violations of both the instantaneous 

and geometric mean standards throughout the impaired watersheds when the model was 

run using existing conditions. 
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Load Allocation Scenarios 

The next step in the bacteria TMDL process was to reduce the various source loads

within the model to levels that would result in attainment of the water quality standards.

Because Virginia’s E. coli standard does not permit any exceedances of the standard,

modeling was conducted for a target value of 0% exceedance of the geometric mean

standard and 0% exceedance of the single sample maximum E. coli standard.  Scenarios 

were evaluated to predict the effects of different combinations of source reductions on 

final in-stream water quality.  The final TMDL loads are shown in Tables ES.1 through 

ES.9.
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The following are the recommended load allocation scenarios for the nine impairments:

Frisby Branch

0% reductions in direct wildlife loads,
0% reductions in NPS wildlife loads 
100% reductions in direct livestock loads, 
99.3% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Austin Creek

50% reductions in direct wildlife loads,
90% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Upper Slate River 

99% reductions in direct wildlife loads,
99% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99.5% reductions in NPS loads from agricultural 
99% reductions in NPS loads from urban/residential areas, and 
100% reductions in loads from straight pipes. 

North River 

97% reductions in direct wildlife loads,
97% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99.5% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Troublesome Creek 

0% reductions in direct wildlife loads,
0% reductions in NPS wildlife loads 
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural areas, 
80% reductions in NPS loads from urban/residential areas, and 
100% reductions in loads from straight pipes. 
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Lower Slate River 

60% reductions in direct wildlife loads,
60% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Rock Island Creek 

84% reductions in direct wildlife loads,
84% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Ballinger Creek 

51% reductions in direct wildlife loads,
51% reductions in NPS wildlife loads
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Totier Creek

1% reductions in direct wildlife loads,
1% reductions in NPS wildlife loads 
100% reductions in direct livestock loads, 
99% reductions in NPS loads from agricultural and urban/residential areas, and 
100% reductions in loads from straight pipes. 

Table ES.1 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Frisby Branch watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)

Frisby Branch 2.15E+10 2.15E+12 2.17E+12

Future Growth 2.15E+10 Im
pl

ic
it
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Table ES.2 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Austin Creek watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)

Austin Creek 1.62E+10 1.63E+12 1.65E+12

Future Growth 1.62E+10 Im
pl

ic
it

Table ES.3 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Upper Slate River watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)

Upper Slate River 4.22E+10 1.41E+13 1.41E+13
VA0063291 8.70E+09
VA0087563 5.57E+09

Future Growth 2.79E+10

Im
pl

ic
it

Table ES.4 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Troublesome Creek watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)

Troublesome Creek 5.23E+10 2.69E+12 2.74E+12
VA0063291 8.70E+09

Future Growth 4.36E+10 Im
pl

ic
it

Table ES.5 Average annual E. coli loads (cfu/year) modeled after allocation in the 
North River watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)
North River 5.52E+10 5.57E+12 5.63E+12

Future Growth 5.52E+10 Im
pl

ic
it
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Table ES.6 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Lower Slate River watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)
Lower Slate River 3.19E+12 5.38E+13 5.70E+13

VA0063291 8.70E+09

VA0066460 5.22E+11

VA0087563 5.57E+09

VAG404041 6.96E+08

VAG404116 1.74E+09

VAG404166 1.74E+09

VAG407204 8.70E+08

VAG407237 1.57E+09
VAG407251 7.83E+08

Future Growth 2.65E+12
Im

pl
ic

it

Table ES.7 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Rock Island Creek watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)
Rock Island Creek 3.38E+10 3.38E+12 3.41E+12

Future Growth 3.38E+10 Im
pl

ic
it

Table ES.8 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Ballinger Creek watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)
Ballinger Creek 5.75E+10 5.76E+12 5.82E+12

Future Growth 5.75E+10 Im
pl

ic
it

Table ES.9 Average annual E. coli loads (cfu/year) modeled after allocation in the 
Totier Creek watershed at the outlet.

WLA LA TMDL
Impairment

(cfu/year) (cfu/year)
MOS

(cfu/year)
Totier Creek 1.62E+11 1.75E+13 1.77E+13

Future Growth 1.62E+11 Im
pl

ic
it
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Correcting all straight pipes, reducing nonpoint agriculture and urban/residential loads 

and reducing direct livestock loads results in a violation rate of the instantaneous standard 

less than 10.5% in all nine impaired watersheds and is the Stage 1 implementation goal.

Implementation

The goal of the TMDL program is to establish a three-step path that will lead to 

attainment of water quality standards.  The first step in this process is to develop TMDLs

that will result in meeting water quality standards.  This report represents the culmination

of that effort for the impairments the James Tributaries in Albemarle and Buckingham

Counties.  The second step is to develop a TMDL implementation plan (IP).  The final

step is to implement the TMDL IP and to monitor stream water quality to determine if 

water quality standards are being attained. 

While section 303(d) of the Clean Water Act (CWA) and current United States 

Environmental Protection Agency (EPA) regulations do not require the development of 

TMDL implementation plans as part of the TMDL process, they do require reasonable

assurance that the load and waste load allocations can and will be implemented.  Once a 

TMDL IP is developed, VADEQ will take the plan to the State Water Control Board 

(SWCB) for approval for implementing the pollutant allocations and reductions contained 

in the TMDL.  Also, VADEQ will request SWCB authorization to incorporate the TMDL 

implementation plan into the appropriate waterbody.  With successful completion of 

implementation plans, Virginia begins the process of restoring impaired waters and 

enhancing the value of this important resource. 

Once a TMDL is developed and approved by the State Water Control Board (SWCB) and 

EPA, measures must be taken to reduce pollution levels in the stream.  Virginia’s 1997

Water Quality Monitoring, Information and Restoration Act (WQMIRA) states in section 

62.1-44.19:7 that the “Board shall develop and implement a plan to achieve fully 

supporting status for impaired waters”.  The TMDL Implementation Plan (IP) describes 
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control measures, which can include the use of better treatment technology and the 

installation of best management practices (BMPs), to be implemented in a staged process. 

In general, Virginia intends for the required reductions to be implemented in an iterative

process that first addresses those sources with the largest impact on water quality.  For

example, to address the bacteria TMDL, reducing the human bacteria loading from

straight pipes and failing septic systems should be a primary implementation focus 

because of the health implications.  This component could be implemented through

education on septic tank pump-outs as well as a septic system installation/repair program.

Livestock exclusion from streams has been shown to be very effective in lowering 

bacteria concentrations in streams, both by reducing the direct cattle deposits and by 

providing additional riparian buffers.  Reduced trampling and soil shear on streambanks

by livestock has been shown to reduce bank erosion. 

In some streams for which TMDLs have been developed, factors may prevent the stream

from attaining its designated use.  In order for a stream to be assigned a new designated 

use, or a subcategory of a use, the current designated use must be removed.  The state 

must also demonstrate that attaining the designated use is not feasible.  Information is

collected through a special study called a Use Attainability Analysis (UAA).  All site-

specific criteria or designated use changes must be adopted by the SWCB as amendments

to the water quality standards regulations.  During the regulatory process, watershed 

stakeholders and other interested citizens as well as EPA will be able to provide comment

during this process.

Public Participation

During development of the TMDL for the nine impairments in the James River 

Tributaries in Albemarle and Buckingham Counties, public involvement was encouraged 

through two public meetings and two Local Steering Committee (LSC) meeting.  An 

introduction of the agencies involved, an overview of the TMDL process, and the specific 

approach to developing the James River Tributaries in Albemarle and Buckingham

Counties TMDLs were presented at the first of the public meetings.  Details of the 

pollutant sources were also presented at this meeting. Public understanding of, and 
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involvement in, the TMDL process was encouraged.  Input from this meeting was 

utilized in the development of the TMDL and improved confidence in the allocation

scenarios.  The final model simulations and the TMDL load allocations were presented

during the final public meeting.  There was a 30-day public comment period after the 

final public meeting and one written comment was received.  Watershed stakeholders 

will also have the opportunity to participate in the development of the TMDL IP. 
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1. INTRODUCTION 

1.1 Background

The Clean Water Act (CWA) that became law in 1972 requires that all U.S. streams,

rivers, and lakes meet certain water quality standards.  The CWA also requires that states

conduct monitoring to identify polluted waters or those that do not meet standards. 

Through this required program, the state of Virginia has found that many stream 

segments do not meet state water quality standards for protection of the five beneficial 

uses: recreation, aquatic life, wildlife, fishing/shellfishing, and drinking.

When streams fail to meet standards, Section 303(d) of the CWA and the U.S. 

Environmental Protection Agency’s (EPA) Water Quality Management and Planning 

Regulation (40 CFR Part 130) both require that states develop a Total Maximum Daily 

Load (TMDL) for each pollutant.  A TMDL is a "pollution budget" for a stream.  That is, 

it sets limits on the amount of pollution that a stream can tolerate and still maintain water 

quality standards.  In order to develop a TMDL, background concentrations, point source 

loadings, and nonpoint source loadings are considered.  A TMDL accounts for seasonal 

variations and must include a margin of safety (MOS).  Through the TMDL process, 

states establish water-quality based controls to reduce pollution and meet water quality 

standards.

Once a TMDL is developed and approved by EPA, measures must be taken to reduce 

pollution levels in the stream.  Virginia’s 1997 Water Quality Monitoring, Information

and Restoration Act (WQMIRA) states in section 62.1-44.19:7 that the “Board shall 

develop and implement a plan to achieve fully supporting status for impaired waters”.

The TMDL Implementation Plan (IP) describes control measures, which can include the 

use of better treatment technology and the installation of best management practices 

(BMPs), which should be implemented in a staged process. 

This report deals with the tributaries to the James River that are located in Albemarle and 

Buckingham counties; this portion of the James River watershed is contained in USGS 
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Hydrologic Unit Code 02080203 (Figure 1.1).  The watersheds included in Albemarle

County are Totier Creek and Ballinger Creek.  There has been a general decline in intense

agricultural activity in these watersheds over the past 10 years.  Several large cattle

farmers have left the business and farm acreage is being converted to residential or small

farm (<25 acres) use.  Since the 1998 census, there has been a projected 6% increase in

population in these watersheds.  The Virginia Department of Health (VDH) has initiated 

a well permitting program to protect ground water.  The county recently passed a 

voluntary stream-buffering ordinance. 

The watersheds included in Buckingham County include Rock Island Creek and the Slate

River.  There has been a projected 1.5% increase in population since the 1998 census. 

According to the Virginia Tech Extension Service, there has also been an increase in the 

number of beef cattle in these watersheds.  Logging is the dominant land use in 

Buckingham County.  Westvaco owns or leases a considerable amount of land in the 

county.  Approximately 1,084 acres are logged in the Rock Island and Slate River

watersheds every year. This figure includes both thinning and clearcutting.

INTRODUCTION1-2



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Figure 1.1 Location of the James River Tributaries in Albemarle and
Buckingham Counties. 
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The impaired segments of Ballinger Creek and Totier Creek are in southern Albemarle

County. Buckingham County includes impairments to Austin Creek, Frisby Branch, 

North River, Rock Island Creek, Slate River, and Troublesome Creek (Figure 1.2).  The 

Virginia Department of Environmental Quality (VADEQ) has identified all of these 

segments as impaired with regard to fecal coliform.  For the purposes of this report, all of 

these watersheds shall be referred to as the “James River Tributaries in Albemarle and

Buckingham Counties”. 

Both Slate River segments, Frisby Branch, North River, and Totier Creek segments were 

placed on the 2002 Section 303(d) Report on Impaired Waters.  All segments remained

on the 2004 Section 305(b)/303(d) Water Quality Assessment Integrated Report; in

addition, the Austin Creek, Ballinger Creek, Rock Island Creek and Troublesome Creek

segments were added.  Elevated levels of fecal coliform bacteria recorded at VADEQ 

ambient water quality monitoring stations showed that these James River Tributaries in 

Albemarle County and Buckingham County stream segments do not support the 

recreational use. 

Austin Creek (VAC-H21R-01) was first listed for fecal coliform violations on the 2004

305(b)/303(d) Water Quality Assessment Integrated Report.  It was designated as not

supporting the recreational use due to fecal coliform violations in 3 of 9 monitoring

events at VADEQ monitoring station 2-AUS001.12.  The segment remained on the 2006 

305(b)/303(d) Water Quality Assessment Integrated Report due to fecal coliform

violations in 1 of 1 sampling events at VADEQ monitoring station 2-AUS001.12.  The 

impaired segment begins at the headwaters at river mile 6.14 and extends to the mouth at 

North River (river mile 0.00). 

Ballinger Creek (VAV-H17R-03) was first listed on the 2004 305(b)/303(d) Water 

Quality Assessment Integrated Report for not supporting the recreation use.  During the

2004 assessment period, samples taken at VADEQ station 2-BLR003.00 resulted in fecal 

coliform violations in 3 of 13 samples.  The segment remained on the 2006 305(b)/303(d)

Wa As

sampling events a 0.  The impairment begins at 

ter Quality sessment Integrated Report due to fecal coliform violations in 2 of 6 

t VADEQ monitoring station 2-BLR003.0

INTRODUCTION1-4



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

the headwaters at river mile 9.82 and ends at the James River confluence (river mile

0.00).

Figure 1.2 Impaired stream segments in the James River Tributaries in 
Albemarle and Buckingham Counties. 
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Frisby Branch (VAC-H21R-02) appeared on the 2002 303(d) Report on Impaired Waters

as Partially Supporting the recreational use due to high fecal coliform counts found in 2 

of 6 samples taken at station 2-FRY000.35.  At this time, the impaired segment was

ent remained on the 2006 305(b)/303(d)

designated as beginning at the headwaters at river mile 3.74 and extending to an unnamed

tributary at river mile 2.40.  Frisby Branch was included again on the 2004 305(b)/303(d)

Water Quality Assessment Integrated Report for fecal coliform violations in 4 of 9 

samples and 2 of 8 sampling events at monitoring stations 2-FRY003.00 and 2-FRY000.5 

respectively.  The segment size was adjusted to beginning at river mile 3.93 and ending at 

the mouth at Grease Creek (river mile 0.00) as a result of the National Hydrography 

Dataset used during the 2004 cycle.  The segm

Water Quality Assessment Integrated Report for fecal coliform violations in 1 of 1 

sampling events at monitoring station 2-FRY000.35. 

North River (VAC-H21R-03) was first listed in the 2002 303(d) Report on Impaired 

Waters for not supporting the recreation use due to excessive counts of fecal coliform 

bacteria.  High counts were found in 5 of 21 samples taken at VADEQ monitoring station 

2-NTH001.65.  The impairment begins at the confluence with Meadow Creek at river 

mile 8.44 and ends at the mouth at the Slate River (river mile 0.00).  The same segment

appeared on the 2004 305(b)/303(d) Water Quality Assessment Integrated Report fecal

coliform violations in 5 of 36 and 7 of 9 sampling events at VADEQ monitoring stations 

2-NTH001.65 and 2-NTH003.88 respectively.  The segment remained on the 2006 

305(b)/303(d) Water Quality Assessment Integrated Report due to fecal coliform

violations in 1 of 1 sampling events at VADEQ monitoring stations 2-NTH001.65 and 2-

NTH003.88.

Rock Island Creek in Buckingham County (VAV-H17R-04) appeared on the 2004

305(b)/303(d) Water Quality Assessment Integrated Report for fecal coliform violations

in 3 of 19 sampling events at VADEQ monitoring station 2-RKI003.40.  The segment

remained on the 2006 305(b)/303(d) Water Quality Assessment Integrated Report for 

fecal coliform violations in 2 of 7 sampling events at VADEQ monitoring station 2-

INTRODUCTION1-6



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

RKI003.40.  The impairment begins at the headwaters at river mile 8.84 and ends at the 

James River confluence at river mile 0.00. 

Two Slate River impairments are listed.  The Slate River (VAC-H21R-04) impairment

was first noted on the 2002 303(d) Report on Impaired Waters. In that listing, the 

impaired segment was designated as beginning at the confluence with Bryant Creek (river 

mile 24.25) and ending at the confluence with Ripley Creek (river mile 11.37), a 12.88-

mile segment.  The segment was not supporting the recreation use due to fecal coliform

violations in 3 of 10 sampling events at VADEQ monitoring station 2-SLT024.72, a 

CAFO special study station. 

This impairment (Slate River VAC-H21R-04) was adjusted as a result of the National 

Hydrography Dataset used during the 2004 305(b)/303(d) Water Quality Assessment 

Integrated Report.  The segment was now 13.28 miles long, beginning at the confluence 

with Grease Creek (river mile 34.93) and ending at the confluence with Walton Fork 

 violations in 4 of 26 sampling events at 

VADEQ monitoring station 2-SLT003.88.  In the 2004 305(b)/303(d) Water Quality 

r Quality

Assessment Integrated Report for fecal coliform violations in 4 of 26 sampling events at 

Q monitoring station 2-SLT003.88. 

(river mile 21.65).  The segment was not supporting the recreational use due to fecal 

coliform violations in 3 of 9 sampling events at monitoring station 2-SLT024.72 and in 5 

of 9 sampling events at monitoring station 2-SLT030.19, CAFO special study stations. 

The second Slate River segment (VAC-H22R-01) was also listed for the first time on the 

2002 303(d) impaired waters list.  The segment began at river mile 3.64 and ended at the 

mouth of the James River (river mile 0.00).  This segment was Partially Supporting for

recreation use due to fecal coliform bacteria

Assessment Integrated Report, this Slate River segment was reconfigured as beginning at 

the confluence with Sharps Creek at river mile 7.12 and extending to the mouth of the 

James River (river mile 0.00.)  It was designated Not Supporting for the recreational use 

due to fecal coliform violations in 4 of 27 sampling events at VADEQ monitoring station

2-SLT003.88.  The segment remained on the 2006 305(b)/303(d) Wate

VADE
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2. TMDL E ASSESSMENT

2.1 A ter Qual

Acc C 25-260-5 of V  State Water Control Board Water Quality

Sta m ‘water quality standards’ means "…provisions of state or federal law

which consist of a designated use or uses for the waters of the Commonwealth and water 

quality criteria for such waters based upon such uses. W quality stand are to

pro th or welfare, enhance the quality of r and serve th poses

lean Water Act." 

minimum, uses are deemed attainable if they can be achieved by the 
imposition of effluent limits required under §§301(b) and 306 of the Clean Water

al coliform bacteria shall not exceed a geometric mean of 200 fecal 
m bacteria per 100 ml of water for two or more samples over a calendar 

month nor shall more than 10% of the total samples taken during any calendar

NDPOINT AND WATER QUALITY

pplicable Wa ity Standards

ording to 9 VA irginia's

ndards, the ter

ater ards

tect the public heal  wate e pur

of the State Water Control Law and the federal C

As stated in Virginia state law 9 VAC 25-260-10 (Designation of uses), 

A.  All state waters, including wetlands, are designated for the following uses: 
recreational uses, e.g., swimming and boating; the propagation and growth of a 
balanced, indigenous population of aquatic life, including game fish, which might
reasonably be expected to inhabit them; wildlife; and the production of edible and 
marketable natural resources, e.g., fish and shellfish.

D. At a

Act and cost-effective and reasonable best management practices for nonpoint 
source control. 

Section 9 VAC 25-260-170 is the applicable water quality criteria for fecal coliform 

impairments in the James River Tributaries in Albemarle and Buckingham Counties and 

reads as follows: 

A. In surface waters, except shellfish waters and certain waters identified in
subsection B of this section, the following criteria shall apply to protect primary 
contact recreational uses: 

1. Fec
colifor

month exceed 400 fecal coliform bacteria per 100 ml of water. This criterion shall 
not apply for a sampling station after the bacterial indicators described in 
subdivision 2 of this subsection have a minimum of 12 data points or after June 
30, 2008, whichever comes first. 
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2. E. coli and enterococci bacteria per 100 ml of water shall not exceed the
following:

Geometric Mean1      Single Sample Maximum2

Freshwater3

E. coli 126   235 

Saltwater and Transition Zone3

enterococci   35   104

1 For two or more samples taken during an
2 No single sample maximum for enteroco

y calendar month.
cci and E. coli shall exceed a 75% upper one-sided confidence

limit based on a site-specific log standard deviation. If site data are insufficient to establish a site-specific
deviation in freshwater and 0.7 shall be as

the log standard deviation in saltwater and transition zone. Values shown are based on a log standard

 numeric

ls that are to be achieved by

For the James River 

Tributaries in Albemarle and Buckingham Counties’ TMDLs, the applicable endpoints 

reg ove a waterbody from a state’s list of impaired

mo our intervals,

n standard of 126 cfu/100

log standard deviation, then 0.4 shall be used as the log standard

deviation of 0.4 in freshwater and 0.7 in saltwater.
3 See 9 VAC 25-260-140 C for freshwater and transition zone delineation.

2.2 Selection of a TMDL Endpoint. 

The first step in developing a TMDL is the establishment of in-stream numeric endpoints, 

which are used to evaluate the attainment of acceptable water quality.  In-stream

endpoints, therefore, represent the water quality goa

implementing the load reductions specified in the TMDL.

and associated target values can be determined directly from the Virginia water quality 

ulations (Table 2.1). In order to rem

waters, the CWA requires compliance with that state’s water quality standard.  Since

deling provided simulated output of E. coli concentrations at one-h

assessment of TMDLs was made using both the geometric mea

ml and the instantaneous standard of 235 cfu/100 ml.  Therefore, the in-stream E. coli

targets for these TMDLs were a monthly geometric mean not exceeding 126 cfu/100 ml

and a single sample not exceeding 235 cfu/100 ml.
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Table 2.1 TMDL endpoints for the impairments in the James River Tributaries 
in Albemarle and Buckingham Counties. 

Stream Name TMDL Endpoint
E. coli geometric 
mean standard 

E. coli
instantaneous

standard
Austin Creek E. coli 126 235
Ballinger Creek E. coli 126 235
Frisby Branch E. coli 126 235 
North River E. coli 126 235
Rock Island Creek E. coli 126 235
Slate River (H21) E. coli 126 235
Slate River (H22) E. coli 126 235 
Troublesome Creek E. coli 126 235 
Totier Creek E. coli 126 235 

2.3

EPA regulations

conditions for stream flow, loading, and water quality parameters.  The intent of this 

requirement is to ensure that the water quality of the James River Tributaries in 

Albemarle and Buckingham Counties is protected during times when it is most

vulnerable.

Critical conditions are important because they describe the factors that combine to cause 

a violation of water quality standards and will help in identifying the actions that may

have to be undertaken in order to meet water quality standards.  Fecal bacteria sources 

within the James River Tributaries in Albemarle and Buckingham Counties are attributed 

to both point and non-point sources.  Critical conditions for waters impacted by land-

based non-point sources generally occur during periods of wet weather and high surface 

runoff.  In contrast, critical conditions for point source-dominated systems generally 

occur during low flow and low dilution conditions.  Point sources, in this context, also 

include non-point sources that are not precipitation driven (e.g., fecal deposition to 

stream).

A graphical analysis of fecal coliform concentrations and flow duration intervals showed

that there was no obvious critical flow level.  A description of the data used in this

analysis is shown in Table 2.2 and graphical representation of the concentration versus 

Selection of a TMDL Critical Condition. 

at 40 CFR 130.7 (c)(1) require that TMDLs take into account critical 
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flow for all stations can be found in Appendix D.  The analysis showed no obvious 

dominance of either non-point sources or point sources.  High concentrations were 

recorded in all flow regimes at monitoring stations where data were collected during all 

flow regimes.  Based on this analysis, a time period for calibration and validation of the 

model was chosen based on the overall distribution of wet and dry seasons (Section 4.5) 

in order to capture a wide range of hydrologic circumstances for all impaired streams in 

this study area.  The resulting periods for calibration and validation for each impaired

stream are presented in Chapter 4. 

2.4 Discussion of In-stream Water Quality

This section provides an inventory and analysis of available observed in-stream fecal 

coliform monitoring data throughout the watershed area of the James River Tributaries in 

Albemarle and Buckingham Counties.  An examination of data from water quality 

stations used in the 303(d) assessment was performed and data collected during TMDL

development were analyzed.  Sources of data and pertinent results are discussed.

2.4.1 Inventory of Water Quality Monitoring Data

The primary sources of available water quality information are:

Bacteria enumerations from 16 VADEQ in-stream monitoring stations used for 

TMDL assessment (Figure 2.1); and 

Bacteria enumerations and bacterial source tracking from 11 VADEQ in-stream 

monitoring stations analyzed during TMDL development (Figure 2.2). 

2.4.1.1 Water Quality Monitoring for TMDL Assessment

Data from in-stream fecal coliform samples collected by VADEQ were analyzed from 

January 1990 through January 2006 and are included in the analysis (Table 2.2).  Samples 

were taken for the express purpose of determining compliance with the state

instantaneous standard limiting concentrations to 400 cfu/100 mL or less.  As a matter of

econom les showing fecal coliform

excess of a specif oratory

procedures employed for the sample) were not analyzed further to determine the precise 

y, samp  concentrations below 100 cfu/100 mL or in 

ied cap (e.g., 8,000 or 16,000 cfu/100 mL, depending on the lab
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n of fecal coliform bacteria.  The result is that reported values of 100 cfu/100 
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6 to te compliance with the state’s current bacterial standard, as well as for 

terial  and 

 sam llected at the in-stream monitoring stations in the impaired watersheds. 
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e tracking analysis.  Tables 2.2 and 2.3 summarize the fecal coliform
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Figure 2.2 Location of BST water quality monitoring stations in the James 
River Tributaries in Albemarle and Buckingham Counties. 
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6.  

a.  

n, livestock, pet, wildlife) by the Environmental Diagnostics 

E. 

g

2.4.1.2 Water Quality Monitoring Conducted During TMDL Development 

Ambient water quality monitoring was performed from July 2005 through June 200

Specifically, water quality samples were taken at 11 sites throughout the Study Are

Samples were analyzed for E. coli and fecal coliform.  These sites were also analyzed for 

bacteria source (i.e., huma

Laboratory (EDL) at MapTech, Inc.  Tables 2.4 and 2.5 summarize the fecal coliform and 

coli concentration data, respectively, at the ambient stations.  Bacterial Source Trackin

(BST) results are presented and discussed in greater detail in Section 2.4.2.1.   



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties

Su
m

m
ar

y 
of

 E
. c

ol
i (

cf
u/

10
0 

m
l)

 s
am

pl
in

g 
co

nd
uc

te
d 

by
 V

A
D

E
Q

 d
ur

in
g 

T
M

D
L

 d
ev

el
op

m
en

t 
(J

ul
y 

20
05

 –
 J

un
e 

20
06

).

Im
pa

ir
m

en
t 

St
at

io
n 

C
ou

nt
(#

)
M

in
im

um
(c

fu
/1

00
m

l)
M

ax
im

um
(c

fu
/1

00
m

l)
M

ea
n

(c
fu

/1
00

m
l)

M
ed

ia
n

(c
fu

/1
00

m
l)

V
io

la
ti

on
s1

(%
)

A
us

tin
 C

re
ek

 
2A

U
S0

01
.1

2
10

8
10

4
53

46
0

B
al

lin
ge

r
C

re
ek

 
2B

L
R

00
3.

00
 

12
 

76
20

0,
00

0
16

,8
24

15
4

Fr
is

by
 B

ra
nc

h 
2F

R
Y

00
0.

35
1

84
84

N
A

N
A

N
or

th
 R

iv
er

 
2N

T
H

00
1.

65
10

14
18

3
67

57
R

oc
k 

Is
la

nd
 C

re
ek

 
2R

K
I0

03
.4

0
12

6
1,

48
0

17
1

56
Sl

at
e 

R
iv

er
 

2S
L

T
00

3.
68

11
16

86
44

30
Sl

at
e 

R
iv

er
 

2S
L

T
01

4.
52

11
32

14
9

62
48

Sl
at

e 
R

iv
er

 
2S

L
T

03
0.

19
10

26
30

0
10

6
73

Sl
at

e 
R

iv
er

 
2S

L
T

03
6.

92
10

4
13

4
48

43
T

ro
ub

le
so

m
e 

C
re

ek
 

2T
B

M
00

0.
80

11
2

10
2

27
16

T
ot

ie
r 

C
re

ek
 

2T
O

T
00

2.
61

12
60

46
0

20
6

19
8

25 0 0 8 0 0 10 0 0 25
1 V

io
la

tio
ns

 b
as

ed
on

 n
ew

fe
ca

l c
ol

if
or

m
 in

st
an

ta
ne

ou
s 

st
an

da
rd

 (
i.e

., 
23

5
cf

u/
10

0m
L

).

T
ab

le
 2

.5
 

Su
m

m
ar

y 
of

 f
ec

al
 c

ol
if

or
m

 (
cf

u/
10

0 
m

l)
 s

am
pl

in
g 

co
nd

uc
te

d 
by

 V
A

D
E

Q
 d

ur
in

g 
T

M
D

L
 d

ev
0

– 
Ju

ne
 2

00
6)

.

Im
pa

ir
m

en
t 

St
at

io
n 

C
ou

nt
(#

)
M

in
im

um
(c

fu
/1

00
m

l)
M

ax
im

um
(c

fu
/1

00
m

l)
M

ea
n

(c
fu

/1
00

m
l)

M
ed

ia
n

(c
fu

/1
00

m
l)

05
el

op
m

en
t

(J
ul

y
2

V
io

la
ti

on
s1

(%
)

A
us

tin
 C

re
ek

 
2A

U
S0

01
.1

2
3

10
0

31
0

19
7

18
0

0
B

al
lin

ge
r 

C
re

ek
 

2B
L

R
00

3.
00

3
36

0
50

0
41

7
39

0
Fr

is
by

 B
ra

nc
h 

2F
R

Y
00

0.
35

1
24

0
24

0
N

A
N

A
N

or
th

 R
iv

er
 

2N
T

H
00

1.
65

3
20

90
53

50
R

oc
k 

Is
la

nd
 C

re
ek

 
2R

K
I0

03
.4

0
3

70
31

0
18

7
18

0
Sl

at
e 

R
iv

er
 

2S
L

T
00

3.
68

3
60

14
0

93
80

Sl
at

e 
R

iv
er

 
2S

L
T

01
4.

52
3

30
13

0
90

11
0

Sl
at

e 
R

iv
er

 
2S

L
T

03
0.

19
3

90
25

0
18

7
22

0
Sl

at
e 

R
iv

er
 

2S
L

T
03

6.
92

3
70

20
0

12
7

11
0

T
ro

ub
le

so
m

e 
C

re
ek

 
2T

B
M

00
0.

80
3

1
24

0
12

0
12

0
T

ot
ie

r 
C

re
ek

 
2T

O
T

00
2.

61
12

40
42

0
17

3
15

0

33 0 0 0 0 0 0 0 0 8

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT 2-11

T
ab

le
 2

.4
 

1 V
io

la
tio

ns
 b

as
ed

on
 n

ew
fe

ca
l c

ol
if

or
m

 in
st

an
ta

ne
ou

s 
st

an
da

rd
 (

i.e
., 

40
0

cf
u/

10
0m

L
).



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

2.4.2 Trend and Seasonal Analyses

Trend and seasonal analyses were performed on precipitation, discharge, and fecal 

coliform concentrations.  No trends were found for flow, precipitation and fecal coliform

concentrations.  Data tables can be found in Appendix A. 

2.4.3 Analysis of BST Data

The data collected were analyzed for frequency of violations, patterns in fecal source

identification, and seasonal impacts.  Data tables can be found in Appendix B. 

2.4.3.1 Bacterial Source Tracking

MapTech, Inc. was contracted to perform BST as well as an analysis of fecal coliform

and E. coli concentrations.  BST is intended to aid in identifying sources (i.e., human,

pets, livestock, or wildlife) of fecal contamination in water bodies.  Data collected

provided insight into the likely sources of fecal contamination, aided in distributing fecal 

loads from different sources during model calibration, and will improve the chances for

success in implementing solutions.

Several procedures are currently under study for use in BST.  Virginia has adopted the 

Antibiotic Resistance Analysis (ARA) methodology implemented by MapTech’s EDL. 

This method was selected because it has been demonstrated to be a reliable procedure for

confirming the presence or absence of human, pet, livestock and wildlife sources in 

watersheds in Virginia.  The results were reported as the percentage of isolates acquired

from the sample that were identified as originating from either humans, pets, livestock, or 

wildlife.

The BST results of water samples collected at eleven ambient stations in the James River 

Tributaries in Albemarle and Buckingham Counties’ drainage area are reported in 

Appendix A.  All sources were identified as present in each watershed.  The majority of 

the results were below the water quality standard.  The E. coli enumerations are given to 

indicate the bacteria concentrations at the time of sampling.  The proportions reported are 

formatted to indicate statistical significance (i.e., BOLD numbers indicate a statistically

significant result).  The statistical significance was determined through two tests.  The

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT2-12
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first was based on the sample size. A z-test was used to determine if the proportion was

Table 2.6 Load-weighted average proportions of fecal bacteria originating from 
, and pet sources.

significantly different from zero (alpha = 0.10).  Second, the rate of false positives was

calculated for each source category in each library, and a proportion was not considered

significantly different from zero unless it was greater than the false-positive rate plus 

three standard deviations.

Table 2.6 summarizes the results for each station with load-weighted average proportions 

of bacteria originating from the four source categories.  The load-weighted average 

considers the level of flow in the stream at the time of sampling, the concentration of E.

coli measured, and the number of bacterial isolates analyzed in the BST analysis.

wildlife, human, livestock
Weighted Averages:Station ID 

Wildlife Human Livestock Pet
2AUS001.12 15% 27% 30% 28%
2BLR003.00 36% 11% 30% 22%
2FRY000.35 12% 12% 55% 21%
2NTH001.65 21% 19% 22% 39%
2RKI003.40 57% 25% 8% 9%
2SLT003.68 37% 20% 11% 33%
2SLT014.52 26% 24% 14% 36%
2SLT030.19 21% 9% 44% 25%
2SLT036.92 17% 23% 24% 36%
2TBM000.80 16% 21% 41% 23%
2TOT002.61 26% 8% 43% 24%

2.4.3.2 Fecal Coliform Concentrations 

Water quality monitoring data collected by VADEQ were described in section 2.2.1.1. A

trend analysis was conducted on data, if sufficient, collected at stations used in TMDL 

assessment.  Totier Creek monitoring station 2-TOT002.61 had a statistically significant 

downward trend in fecal coliform concentrations between August 1994 and December 

2005, Table A.4. 

There was insufficient data to perform Mood’s Median seasonality tests at any of the 

monitoring stations. 

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT 2-13
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2.4.4 Summary of In-stream Water Quality Monitoring Data

Wide ranges of fecal coliform concentrations have been recorded in the watershed. 

Concentrations reported during TMDL development were within the range of historical

values reported by VADEQ during TMDL assessment.  Exceedances of the instantaneous

standard were reported in all flow regimes, leaving no apparent relationship between flow 

and water quality. 

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT2-14
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SOURCE ASSESSMENT 

3. SOURCE 

The TMDL developm

elopment James River Tributaries in  
 Albemarle and Buckingham Counties 

3-1

ASSESSMENT  

port includes examination of all potential 

sources of fecal coliform in the James River Tributaries in Albemarle and Buckingham 

nt was ed as the basis of model development and 

ate ana ns.  In evaluation of the sources, loads were 

racterized by the best available information, landowner input, literature values, and 

anagem  documents the available information and 

rpretatio  the analysis. e sourc ssessment chapter is organized into point and 

tation of the following sources in the model is discussed 

 Watershed Characterization 

 th o 48 ear Bremo Bluff, Virginia (station # 440993) 

iv e a al prec pproximately 40.9 inches, with 54% of the 

 October growing season (SERCC, 2006).  

rage snowfall is 1.5 inches, with the highest snowfall occurring during 

l daily temperature is 55.8 ºF.  The highest 

rage daily temperature of 89.3 ºF occurs in July, while the lowest average daily 

perature of 22.6 º RCC, 2006). 

oduced cooperatively between the U.S. 

logica ey (USGS) and the U.S nvironmental Protection Agency (EPA) was 

 dataset is part of a Multi-

acteristics (MRLC) Consortium project led by four U.S. 

e ncies: E   the partment of the Interior National Biological 

and Atmospheric Administration (NOAA).  

eter resolution Landsat 5 Thematic Mapper (TM) satellite images taken 

veloped identifying up to 21 

possible land use types.  Cl verification of the land cover 

ailable, including: aerial photography; soils 

e or regional land cover data sets; USGS 

ent described in this re

Counties.  The source assessm

ultim

cha

local m

inte

nonpoint sections.  The represen

in Chapter 4

3.1

For

rece

precipitation occurring during the May through

Ave
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land use and land cover (LUDA) data; 3-arc second Digital Terrain Elevation Data 

(D ri

(NWI) data. In al land use from the pasture 

TED) and de ved slope, aspect and shaded relief; and National Wetlands Inventory 

addition MapTech developed an addition

category called “Livestock Access”.  The acreage for this land use was developed by 

determining a 35 foot buffer around perennial streams that bordered pasture. 

Approximate acreages and land use proportions for each impaired segment are given in 

Table 3.1 and shown in Figure 3.1. 
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The estimated human population within the impaired drainage areas in 2006 is 11,008, with 

2,182 dogs and 2,443 cats associated with this population.  Table 3.2 lists agricultural 

production rankings for Albemarle and Buckingham Counties compared to all counties in 

Virginia (VASS, 2003; NASS, 2002a; NASS, 2002b).  Albemarle and Buckingham Counties 

are home to numerous species of wildlife, including mammals (e.g., muskrat, beaver,

raccoon, white-tailed deer) and birds (e.g., wood duck, wild turkey, Canada goose) (VDGIF,

2004) (Table 3.3).

Table 3.2 Agricultural production rankings for Albemarle and Buckingham 
Counties compared to all counties in Virginia.

County Rankings Compared to Other Counties in Virginia 
County Cattle & 

Calves*
Sheep* Beef* Horses1 Layers Broilers Swine2

Albemarle 21 11 17 3 NA NA 33
Buckingham 32 NA 26 NA 3 9 2
*VASS, 2003. 1 NASS, 2002a.  2 NASS, 2002b, NA figure not available

Table 3.3 Number of wildlife species, mammal types, and bird types inhabiting 
Albemarle and Buckingham Counties*. 

County / City 
Number of 

Wildlife Species
Number of 

Mammal Types
Number of Bird 

Types
Albemarle 428 47 193
Buckingham 358 42 161
*VDGIF, 2004.

3.2 Assessment of Point Sources

Six point sources are permitted in the watershed of the James River Tributaries in Albemarle

and Buckingham Counties through the Virginia Pollutant Discharge Elimination System 

(VPDES).  Five of the six point sources are permitted in Buckingham County, and one is in

Albemarle County (Table 3.4).  Figure 3.2 shows the permitted locations.  Permitted point

discharges that may contain pathogens associated with fecal matter are required to maintain a 

fecal coliform concentration below 200 cfu/100 ml.  Currently, these permitted discharges

are expected not to exceed the 126 cfu/100ml E. coli standard.  One method for achieving 

this goal is chlorination.  Chlorine is added during the treatment process (and then removed

pri ge

ensuring the goal is to m

or to dischar ) at levels intended to kill off any pathogens.  The monitoring method for 

easure the concentration of total residual chlorine (TRC) in the

SOURCE ASSESSMENT 3-5
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effluent.  If the concen

coliform

TRC levels are m

Tab

from

potential runoff from

eigh

could contain fecal coliform

tration is high enough, pathogen concentrations (including fecal 

 concentrations) are considered reduced to acceptable levels.  Typically, if minimum 

et, bacteria concentrations are reduced to levels well below the standard.

le sum mal Feeding Operations (CAFO) and 

 Virginia Pollution Abatement (VPA) facilities along with the streams that receive 

 these facilities.  Figure 3.3 shows the VPA and CAFO locations.  These 

t mitted sources do not have direct discharges to waterways but runoff from the area 

 and E. coli bacteria. 

3.5 marizes data from VPDES Confined Ani

 per
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Figure 3.2 Location of VPDES permitted point sources in the James River 
Tributaries in Albemarle and Buckingham Counties. 
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Figure 3.3 Location of VPA and CAFO permitted point sources in the James 

3. f Nonpo urces

es River Tributaries in Albemarle and Buckingham Counties, 

npoint sources of fecal coliform bacteria were considered.  Sources

l sewage trea systems, land application of waste (livestock and 

and pets.  Sources were identified and enumerated.  MapTech 

f fecal colifo urces (i.e., wildlife, livestock, pets, and human waste) 

density of fecal coliform bacteri upport the modeling process and to 

e base of known l coliform sources for purposes of bacterial source 

acking (Section 2.4.2.1).  Where appropriate, spatial distribution of sources was also 

River Tributaries in Albemarle and Buckingham Counties. 

3 Assessment o int So

In the watershed of the Jam

both urban and rural no

include residentia tment

biosolids), livestock, wildlife, 

collected samples o rm so

and enumerated the a to s

xpand the data feca

tr

determined.
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3.3.1 Private Residential Sewage Treatment

In the U.S. Census questionnaires, housing occupants were asked which type of sewage

disposal existed.  Houses can be connected to a public sanitary sewer, a septic tank or a 

cesspool, or the sewage is disposed of in some other way.  The Census category “Other 

Means” includes the houses that dispose of sewage other than by public sanitary sewer or a 

private septic system.  The houses included in this category are assumed to be disposing of

sewage via a pit-privy or through the use of a straight pipe (direct stream outfall).

Population, housing units, and type of sewage treatment from U.S. Census Bureau data were 

calculated using GIS (Table 3.6).  Census data from 1990 and 2000 were used to project 

forward to the year 2006.

Sanitary sewers are piping systems designed to collect wastewater from individual homes

and businesses and carry it to a wastewater treatment plant.  Sewer systems are designed to 

carry a specific "peak flow" volume of wastewater to the treatment plant.  Within this design 

parameter, sanitary collection systems are not expected to overflow, surcharge or otherwise

release sewage before their waste load is successfully delivered to the wastewater treatment

plant.

When the flow of wastewater exceeds the design capacity, the collection system will "back 

up" and sewage discharges through the nearest escape location. These discharges into the 

environment are called overflows. Wastewater can also enter the environment through

exfiltration caused by line cracks, joint gaps, or breaks in the piping system.

Typical private residential sewage treatment systems (septic systems) consist of a septic tank, 

distribution box, and a drainage field.  Waste from the household flows first to the septic 

tank, where solids settle out and are periodically removed by a septic tank pump-out.  The 

liquid portion of the waste (effluent) flows to the distribution box, where it is distributed 

among several buried, perforated pipes that comprise the drainage field.  Once in the soil, the

effluent flows downward to groundwater, laterally to surface water, and/or upward to the soil 

surface.  Removal of fecal coliform is accomplished primarily by die-off during the time

between introduction to the septic system and eventual introduction to naturally occurring 

SOURCE ASSESSMENT 3-11
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waters.  Properly designed, installed, and f

fecal coliform to surface waters.

A septic failure occu

effluent flows directly to the soil surface, bypa

situation, the effluent is either available to be

is directly d

perform

months than

reported because of a back-up to the household than

Ma

den

hum

Geldreich (1978).

Table 3.6 

Impaired Segment 

unctioning septic systems contribute virtually no 

rs when a drain field has inadequate drainage or a "break", such that 

ssing travel through the soil profile.  In this 

 washed into waterways during runoff events or 

eposited in-stream due to proximity.  A survey of septic pump-out contractors 

by MapTech showed that failures were more likely to occur in the winter-spring 

tage of system failures were 

 because of a failure noticed in the yard.  

pTe a

sity ,040,000 cfu/100 ml (MapTech, 2001).  An average fecal coliform density for 

an waste of 13,000,000 cfu/g and a total waste load of 75 gal/day/person was reported by 

Human population, housing units, houses on sanitary sewer, septic 
systems, and other sewage disposal systems for 2006 in areas contributing 
to impaired segments in the James River Tributaries in Albemarle and 

Population Housing Units 
Sanitary

Sewer
Septic

Systems
Other **

ed 

 in the summer-fall months, and that a higher percen

ch s

 of 1

mpled waste from septic tank pump-outs and found an average fecal coliform

Buckingham Counties. 

Totier Creek 1,216 505 0 467 18 
Ballin
Rock Island Creek 
Lower Slate 
Upper Slate River 
North River 
Troublesom
Austin Creek 
Frisby Creek 

g reek 271 0 256 12 
795 330 0 312 15 

River 8,249 2,980 226 2,561 193 
1,248 105 969 69 
264 20 229 16 

e Creek 490 234 46 175 14 
91 36 0 34 2 

199 72 0 68 4 
Total* 11,008 4,086 226 3,596 238 

er C 748

2,78
601

9

*Total co
Creek, Roc

** Houses 

lumn
k

wi

s do not add up due to nested impairments.  To confirm the totals add the Totier Creek, Ballinger 
 Island Creek and Lower Slate River impairments.  

th sewage di s n sanitary sewer and septic systems. sposal sy tems other tha
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3.3.2 Biosolids 

Biosolids applied to 1, farm unty nt

companies in 2002.  The total amount of Biosolids applied was 5,274 dry tons.  The

iosolids to agric lands is strict ted in Virgin ).

equired to be spread according to sound agronomic re ith

for topography and hydrology.  Class B biosolids may not have a fecal 

ity greater than 1,99 2 cfu/g (total sol plication rates ited

of 15 dry tons/acr three-year perio siderable amounts of biosolids 

plied in the year 2002, wh e Rock Island Creek impairment received about 71 dry 

per Slate River impairm eceived about 2,885 dry tons, and lower Slate River 

ed about 6,454 dry tons.

urce of fecal coliform; therefore, this should be a

consideration during development of implementation plans.  Dog waste load was reported by 

Weiskel et al. (1996), while cat waste load was measured during the Blackwater River 

TMDL study conducted by MapTech (Fecal Coliform TMDL Development for Upper 

Blackwater River, VA, 12/2000).  Fecal coliform density for dogs and cats was measured

from samples collected throughout Virginia by MapTech.  A summary of the data collected 

is given in Table 3.7.  Table 3.8 lists the domestic animal populations for impairments in the 

James River Tributaries in Albemarle and Buckingham Counties. 

were 085 acres of land in Buckingham Co by two differe

application of b u lltura ly regula ia (VDH, 1997

Biosolids are r quirements w

consideration

coliform dens 5,26 ids). Ap must be lim

to a maximum e per d.  Con

were ap er

tons, Up ent r

impairment receiv

3.3.3 Pets 

Among pets, cats and dogs are the predominant contributors of fecal coliform in the James

River Tributaries in Albemarle and Buckingham Counties and were the only pets considered

in this analysis.  Cat and dog populations by household were derived from 1997

demographics from the American Veterinary Medical Association Center for Information

Management.  In addition to dogs living in households, there were reports of kennels that 

house hunting dogs in Buckingham County.  Attempts to quantify the number of these types 

of operations, and their locations were unsuccessful.  The large numbers of dogs in these 

watersheds could be a significant so
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Table 3.7 Domestic animal population density, waste load, and fecal coliform 
density.

Table 3.8 Estim domestic al popul in area tributing ired
segments in the James River Trib s in Alb le and Buckingham 
Counties.

d Segmen Dog s

ated anim ations s con to impa
utarie emar

Impaire t s Cat
Austin Creek 19 22
Ballinger Creek 145

nch 39
River 1,591 1,782

Upper Slate River 702 786

162
Frisby Bra 43
Lower Slate 

North River 141 158
Rock Island Creek 176 197
Totier Creek 270 302
Troublesome Creek 125 140
Ballinger Creek 145 162
Totier Creek 270 302

3.3.4 Livestock 

The predominant types of livestock in the watershed area of the James River Tributaries in 

Albemarle and Buckingham Counties are poultry, beef cattle, and swine, although all types

id ly, as the

James River T ounties encompass a large area, the

individual impaired streams in this study have a large diversity in the proportion of

ck species. O ions range from small to large in size, including

itted under either VPA or CAFO regulations.  (Table 3.5 provides a 

summary of these permitted operations in the drainage area of impaired streams in the James

munication

Ty Population Density aste lo nsitype W ad FC De
(an/house) (g/an-day u/g)

4 450 ,000
) (cf

Dog 0.53 480
Cat 0.598 19.4 9

of livestock entified were considered in modeling the watershed. Additional

ributaries in Albemarle and Buckingham C

contributing livesto perat

several operations perm

River Tributaries in Albemarle and Buckingham Counties.)  Table 3.9 gives a summary of 

livestock populations in Albemarle and Buckingham Counties during the period for source 

assessment, organized by impairment.  Animal populations were based on com

with Virginia Cooperative Extension Service (VCE), Virginia Department of Conservation 

and Recreation (VADCR), Natural Resources Conservation Service (NRCS), Southside Soil 

SOURCE ASSESSMENT3-14
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and Water Conservation District (SSWCD), Thomas Jefferson Soil and Water Conservation 

District (TJSWCD), Peter Francisco Soil and Water Conservation District (PFSWCD), and 

the Albemarle County Farm Bureau.  Note that beef cattle population numbers are based on 

adult beef only, while the “total cattle” category includes calves as well as adult cattle.

Values of fecal coliform density of livestock sources were based on sampling performed by 

MapTech (MapTech, 1999a).  Reported manure production rates for livestock were taken 

den es an pro presented in Table 3.13.

from American Society of Agricultural Engineers (1998).  A summary of fecal coliform 

sity valu d manure duction rates is
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Table 3.10 

Dairy
Beef (800 lb)
H

elopment James River Tributaries in
Albemarle and Buckingham Counties 

3-17

Average fecal coliform densities and waste loads associated with livestock. 

Type Waste Load 
(lb/d/an)

Fecal Coliform Density
(cfu/g)

Fecal Coliform 
(cfu/day)

 (1,400 lb) 120.4 271,000 14,800,242,240
46.4 101,000 2,125,751,040

o , lb) 51.0 94,000 2,174,558,400
Swine (135 l ) 11.3 400,000 2,050,272,000
Swine Lagoo 001 N/A
Sheep (60 lb) 2.4 43,000 46,811,520
Goat (140 lb) 5.7 15,000 38,782,800
Dairy N/A 32,0001 N/A
Dairy Storage Pit N/A 44,6001 N/A
Poultry

Broil 6,000 45,187,632
  Layer 0.26 586,000 69,110,496
1uni l

Fecal coliform produced

waste produced by animals in confinem collected, stored, and applied to the 

landscap , pasture and cropland), where it is available for wash-off during a runoff-

producing rainfall event. Table 3.11 shows the av llected animal waste

that is applied throughout the ar. Second, g livestock deposit manure directly on the 

land where it is available for wash-off during a runoff-producing rainfall event.  Third, 

lives anure directly in streams.  Fourth, 

som ent facilities have drainage systems that divert wash-water and waste 

directly to drainage ways or streams.

rse (1 000
b

 Separator 

ts a

n N/A 95,3

.17er 0 58

re cfu/100m

 by livesto

 streamtock with access to

e animal confinem

e (e.g.

ye

s occasionally d

ck can

e

en

nt

ter

is

gr

erage percentage of co

azin

surface waters through four pathways.  First,

typ

eposit m

ically
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Table 3.11 Average percentage of collected livestock waste applied throughout year. 
Applied % of Total Month

Dairy Beef Swine Poultry
Land use 

January 1.50 pland8.33 0.00 0.00 Cro
February
March

75
.00

April 17.00 8.34 2 0.00 Cropland
May 17.00
June 1.75 8.33 Pasture

75
August 1.75 
September 5.00 ropland
October 17.00

er 17.00
ropland

1.
17

8.33 0.00 5.00 Cropland
8.34 20.00 25.00 Cropland

0.00 2
8.33 20.00 5.00 Cropland

0.00 5.00
July 1. 8.33 0.00 5.00 Pasture

0.00 5.8.33 00 Pasture
8.34 0.00 10.00 C
8.34 20.00 10.00 Cropland
8.33 20.00 10.00 CroplandNovemb

December 1.50 8.33 0.00 0.00 C

Poultry is one of the major l iver

Tributaries in Albemarle and e of

land-applied livestock waste.  The transfer of poultry litter for use as a soil amendment is

becoming more common

litter tran , and a review t amounts of

litter were transferred into and utilized within Buckingham County in 2004 (the only year 

records were available).  Table 3.12 conta r transfers in this

hed. VAD ecord .

Table 3.12 Transfer of poultry litter w
Albemarle a

ivestock commodities in the watershed area of the James R

Buckingham Counties and poultry litter is the primary sourc

within the state of Virginia. The VADEQ maintains records of

poultry sfers of the nificanse records indicates that sig

ins a summary of the poultry litte

waters EQ r s did not indicate any exports of litter outside of the study area

ithin the James River Tributaries in 
nd Buckingham Counties.

Impaired Watershed 2004 (tons) 
Slate River 1,128
Troublesome Creek 160
Walton Fork 90

All live of waste on land areas. The percentage

f time spent on pasture for beef cattle was reported by the NRCS, VADCR, and VCE, Table

3.13.  Horses, sheep, and goats were assumed to be in pasture 100% of the time.

Based on discussions with local stakeholders, VCE, and NRCS, it was concluded that beef

cattle were expected to make a significant contribution through direct deposition to streams

stock were expected to deposit some portion

o

SOURCE ASSESSMENT3-18
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in areas where the water flowed freely.  In areas with stream fencing BMPs in place, or area

unts of standing or slowly

s

with large amo m  swamps), it was concluded that 

di  was min on-exi e direct deposition by cattle is

, the average am e spent by beef cattle in stream access areas (i.e., within 

f the stream) for th is given in T 3.13.

3.13 Average time beef cows not confined in feedlots spend in pasture and 
stream access areas per day. 

onth Pasture eam Access

oving water (i.e.,

stent.  For areas wherrect deposition imal to n

assumed ount of tim

50 feet o  each mon able

Table

M Str
 (hr) (hr)

January 23.3 0.7
February 23.3 0.7
March 23.0 1.0
April 22.6 1.4
May 22.6 1.4
June 22.3 1.7
July 22.3 1.7
August 22.3 1.7
September 22.6 1.4
October 23.0 1.0
November 23.0 1.0
December 23.3 0.7

3.3.5 Wildlife 

The predominant wildlife species in Albemarle and Buckingham counties were determined

through consultation with wildlife biologists from the Virginia Department of Game and 

Inland Fisheries (VDGIF), United States Fish and Wildlife Service (FWS), citizens from the

watershed, source sampling, and site visits.  Population densities were calculated from data

provided by VDGIF and FWS, and are listed in Table 3.14 (Bidrowski, 2004; Farrar, 2003; 

Fies, 2004; Knox, 2004; Norman, 2004; Raftovich, 2004; Rose and Cranford, 1987).  The 

numbers of animals estimated to be in Albemarle and Buckingham counties are reported in 

Table 3.15.  Habitat and seasonal food preferences were determined based on information

obtained from The Fire Effects Information System (1999) and VDGIF (Costanzo, 2003; 

Norman, 2003; Rose and Cranford, 1987; and VDGIF, 1999).  Waste loads were comprised 

from literature values and discussion with VDGIF personnel (ASAE, 1998; Bidrowski, 2003; 

Costanzo, 2003; Weiskel et al., 1996, and Yagow, 1999b).  Table 3.16 summarizes the 

habitat and fecal production information that was obtained.  Where available, fecal coliform 

SOURCE ASSESSMENT 3-19
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densities were based on sampling of wildlife scat performed by MapTech.  The only value 

that was not obtained from MapTech sampling in the watershed was for beaver.  The fecal 

coliform density of beaver waste was taken from sampling done for the Mountain Run 

TMDL development (Yagow, 1999a).  Percentage of time spent in stream access areas and 

percentage of waste directly deposited to streams was based on habitat information and 

location of feces during source sampling.  Fecal coliform densities and estimated percentages 

of time spent in stream access areas (i.e., within 100 feet of stream) are reported in Table 

3.17.
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Table 3.16 Wildlife fecal production rates and habitat. 
Waste Load 

Animal
(g/an-day)

Habitat

accoon 450

Primary = region within 600 ft of perennial streams 
Secondary = region between 601 and 7,920 ft from perennial streams

Infrequent/Seldom = rest of watershed area including waterbodiesR
(lakes, ponds)

M

Primary = waterbodies, and land area within 66 ft from the edge of 

uskrat 100

perennial streams, and waterbodies 
Secondary = region between 67 and 308 ft from perennial streams,

and waterbodies 
Infrequent/Seldom = rest of the watershed area 

Beaver1 200

Primary = Perennial streams.  Generally flat slope regions (slow 
moving water), food sources nearby (corn, forest, younger trees) 

Infrequent/Seldom = rest of the watershed area 

Deer 772

Primary = forested, harvested forest land, orchards,
  grazed woodland, urban grassland, cropland, pasture, 

wetlands, transitional land 
Secondary = low density residential, medium density residential

Infrequent/Seldom = remaining land use areas

T ary = cropland, pasture
Infrequent/Seldom = remaining land use areas

urkey2 320

Primary = forested, harvested forest land, grazed woodland, orchards,
wetlands, transitional land 

Second

G

Primary = waterbodies, and land area within 66 ft from the edge of 

oose3 225

perennial streams, and waterbodies 
Secondary = region between 67 and 308 ft from perennial streams,

and waterbodies 
Infrequent/Seldom = rest of the watershed area 

Mallard 150

Primary = waterbodies, and land area within 66 ft from the edge of 
perennial streams, and waterbodies 

Secondary = region between 67 and 308 ft from perennial streams,
and waterbodies 

Infrequent/Seldom = rest of the watershed area 

1 Beaver waste load was calculated as twice that of muskrat, based on field observations.
2 Waste load for domestic turkey (ASAE, 1998).
3 Goose waste load was calculated as 50% greater than that of duck, based on field observations and

conversation with Gary Costanzo (Costanzo, 2003).

SOURCE ASSESSMENT3-22
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Table 3.17 Average fecal coliform densities and percentage of time spent in stream 
access areas for wildlife. 

Fecal Coliform 
Density

Portion of Day in 
Stream Access AreasAnimal Type 

(cfu/g) (%) 
0,000 5 Raccoon 2,10

M
B
D
Turkey 1,332 5 
Goose 250,000 50 
Duck 3,500 75 

uskrat 1,900,000 90 
eaver 1,000 100 
eer 380,000 5 
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MODELING PROCEDURE 4-1

Model selection involves identifying an approved model that is capable of simulating the 

of i fying and 

qua tial s  the w ntative

e identi period that a cal conditions 

ssociated with all potential source within the watershed.  Calibration is the process of 

d makin  model 

eters to minimize the error between observed an  is the 

odele ed d or 

calibration, with the intent o pability of the model in hydrologic conditions 

an those used during uring  to 

odel parameters.  Once a constructed, the sed to predict 

 of current loading anagement practices on water quality.  In this 

section, the selection of modeling tools, source assessmen representative

alibration/validation cation are discu

deling Framewor

S Hydrologic Sim - Fortran (H model was 

elected as the modeling framework to simulate existing conditions and to perform TMDL 

erine areas. del is a continu odel that can 

4. MODELING PROCEDURE: LINKING THE SOURCES TO THE 

ENDPOINT 

Establishing the relationship between in-stream water quality and the source loadings is a 

critical component of TMDL development.  It allows for the evaluation of management 

options that will achieve the desired water quality endpoint.  In the development of TMDLs 

for the James River Tributaries in Albemarle and Buckingham counties, the relationship was 

defined through computer modeling based on data collected throughout the watersheds.  

Monitored flow and water quality data were then used to verify that the relationships 

developed through modeling were accurate.  There are five basic steps in the development 

and use of a water quality model: model selection, source assessment, selection of a 

representative modeling period, model calibration, model validation, and model simulation.  

pollutants nterest with the available data.  Source assessment involves identi

ntifying the poten

involves th

ources of pollutants in atershed.  Selection of a represe

period fication of a time ccounts for criti

a s

comparing modeled data to observed data an g appropriate adjustments to

param d simulated events.  Validation

process of comparing m d data to observ

f assessing the ca

ata during a period other than that used f

other th  calibration.  D validation, no adjustments are made

m suitable odel is m  model is then u

the effects s and potential m

t, selection of a 

period, c , and model appli ssed.

4.1 Mo k Selection

The USG ulation Program SPF) water quality 

s

allocations in riv   The HSPF mo ous simulation m
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account for NPS pollutants in runoff, as well as pollutants entering the flow channel from 

cular RCHRES as

given RCHRES flow into the next downstream RCHRES. 

ubwatersheds was based on the availability of water quality data and the 

standardize modeling efforts across the state, VADEQ has required that fecal bacteria models

point sources.  In establishing the existing and allocation conditions, seasonal variations in 

hydrology, climatic conditions, and watershed activities were explicitly accounted for in the 

model.  The use of HSPF allowed consideration of seasonal aspects of precipitation patterns 

within the watershed.

The HSPF model simulates a watershed by dividing it up into a network of stream segments

(referred to in the model as RCHRES), impervious land areas (IMPLND) and pervious land 

areas (PERLND).  Each subwatershed contains a single RCHRES, modeled as an open 

channel, and numerous PERLNDs and IMPLNDs, representing the various land uses in that 

subwatershed.  Water and pollutants from the land segments in a given subwatershed flow

into the RCHRES in that subwatershed.  Point discharges and withdrawals of water and 

pollutants are simulated as flowing directly to or withdrawing from a parti

well.  Water and pollutants from a

The network of RCHRESs is constructed to mirror the configuration of the stream segments

found in the physical world.  Therefore, activities simulated in one impaired stream segment

affect the water quality downstream in the model.

4.2 Model Setup

To adequately represent the spatial variation in the watershed, the drainage area of the James

River Tributaries in Albemarle and Buckingham counties was divided into 41 subwatersheds 

for the purpose of modeling hydrology and water quality (Figure 4.1).  The rationale for

choosing these s

limitations of the HSPF model.  The HSPF model is constrained by the number of operations 

that it is capable of representing and, thus, necessitated a division of the watershed model

into six distinct linked models. The output from one model was then routed into the next

downstream model, where appropriate.  Figure 4.1 shows the sub-model linkages, which 

were used to achieve the unified model.  Water quality data (i.e., fecal coliform

concentrations) are available at specific locations throughout the watershed.  Subwatershed 

outlets were chosen to coincide with these monitoring stations, since output from the model

can only be obtained at the modeled subwatershed outlets (Figure 4.1).  In an effort to

MODELING PROCEDURE4-2
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MODELING PROCEDURE 4-3

 considered in the delineation of subwatersheds.  The spatial 

division of the watersheds allowed for a more refined representation of pollutant sources, and 

a more realistic description of hydrologic factors in the watersheds. 

be run at a 1-hour time-step.  The HSPF model requires that the time of concentration in any 

subwatershed be greater than the time-step being used for the model.  These modeling 

constraints as well as the desire to maintain a spatial distribution of watershed characteristics 

and associated parameters were
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Figure 4.1 Subwatersheds delineated for modeling and location of VADEQ Water
Quality Monitoring Stations in the watershed of the James River 
tributaries in Albemarle and Buckingham counties. 

MODELING PROCEDURE4-4
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MODELING PROCEDURE 4-5

e represented (Table 3.1).  Each 

land use had parameters associated with it that described the hydrology of the area (e.g.,

d use categories for the James River 
Tributaries in Albemarle and Buckingham Counties. 

TMDL Land use 
Categories

Pervious/Impervious
(Percentage) 

MRLC Land use Classifications 
(Class No.) 

Using aerial photographs, Multi-Resolution Land Characteristics (MRLC) identified 14 land 

use types in the watersheds.  The 14 land use types were consolidated into nine categories 

based on similarities in hydrologic and waste application/production features (Table 4.1).  

Within each subwatershed, up to the nine land use types wer

average slope length) and the behavior of pollutants (e.g., fecal coliform accumulation rate).  

These land use types are represented in HSPF as pervious land segments (PERLNDs) and 

impervious land segments (IMPLNDs).  Impervious areas in the watershed are represented in 

three IMPLND types, while there are nine PERLND types, each with parameters describing a 

particular land use (Table 4.1).  Some IMPLND and PERLND parameters (e.g., slope length) 

vary with the particular subwatershed in which they are located.  Others vary with season 

(e.g., upper zone storage) to account for plant growth, die-off, and removal. 

Table 4.1 Consolidation of MRLC lan

Water Impervious (100%) Open Water (11) 
   
Residential Pervious (65%)

Impervious (35%) 
Low Intensity Residential (21) 
High Intensity Residential (22) 

Urban/Recreational Grasses (85) 
   

Commercial and Services Pervious (60%) 
Impervious (40%) 

Commercial/Industrial/Transportation (23) 

   
Barren Pervious (80%)

Impervious (20%) 
Quarries/Strip Mines/Gravel Pits (32) 

Transitional (33) 
   
Woodland Pervious (100%) Deciduous Forest (41) 

Evergreen Forest (42) 
Mixed Forest (43) 

   
Pasture

Cropland Row Crops (82) 
   
Wetlands Pervious (100%) Woody Wetlands (91) 

Emergent Herbaceous Wetlands (92) 

Livestock Access Pasture/Hay (81) 

Pervious (100%) Pasture/Hay (81) 
  

Pervious (100%) 

  
Pervious (100%) 
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Die-off of fecal coliform can be handled implicitly or explicitly.  For land-applied fecal 

e-off was addressed implicitly

through m odeling.  Samp llected waste p n (i.e.,

dairy eas) were collected and analyz ech.

Ther ore, ff is y a d h he le . D ccu

e field ough model pa

mula th as e, e a d the c on of

model.  These paramete anisms, but

b cte ff m the , th ral de

, thereby explicitly g the die-o rate. Th

e l de odule firs deca tio to te f.

.3 Stream Characteristics

ch be represented by constant characteristics (e.g., stream 

perpendicular to the channel was generated showing the floodplain 

matter (mechanically applied and deposited directly), di

onitoring and m les of co rior to land applicatio

waste from loafing ar ed previously by MapT

ef die-o implicitl ccounte for throug t samp analysis ie-off o rring

in th was represented implicitly thr rameters such as the maximum

accu tion and e 90% w h off rat which w re djusted uring alibrati the

rs were assumed to represent not only the delivery mech

the a r oia die- as  Once the fecal coliforwell.  entered stream e gene cay

module of HSPF was incorporated addressin ff e

gen ra cay m uses a t order y func n simula die-of

4

HSPF requires that each stream rea

geometry and resistance to flow).  These data are entered into HSPF via the Hydraulic 

Function Tables (F-tables).  The F-tables developed consist of four columns: depth (ft), area

(ac), volume (ac-ft), and outflow (ft3/s).  The depth represents the possible range of flow, 

with a maximum value beyond what would be expected for the reach. The area listed is the 

surface area of the flow in acres.  The volume corresponds to the total volume of the flow in

the reach, and is reported in acre-feet.  The outflow is simply the stream discharge, in cubic 

feet per second. 

In order to develop the entries for the F-tables, a combination of the NRCS Regional 

Hydraulic Geometry Curves (NRCS, 2006) and Digital Elevation Models (DEM) was used. 

The NRCS has developed an empirical formula for estimating stream top width, cross-

sectional area, average depth, and flow rate, all as functions of the drainage area. Estimates

were obtained at the outlet of each subwatershed.  Using the NRCS equations, an entry was

developed in the F-table that represented a bank-full situation for the streams.   However, the

F-table is supposed to cover the floodplains.  The floodplain information was obtained from

the DEM. A profile

MODELING PROCEDURE4-6
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MODELING PROCEDURE 4-7

height with distance for each subwatershed outlet.  An example of this profile is given in

Figure 4.2.  Consecutive entries to the F-table are generated by estimating the volume of 

water and surface area in the reach at incremental depths (where depths are taken from the 

outlet profile, e.g. Figure 4.3). 

Figure 4.2 Stream profile representation in HSPF. 

Conveyance was used to facilitate the calculation of discharge in the reach with values for 

resistance to flow (Manning’s n) assigned based on recommendations by Brater and King 

(1976) and shown in Table 4.2.  The conveyance was calculated for each of the two flood 

plains and the main channel; these figures were then added together to obtain a total

ormed following the procedure described conveyance.  Calculation of conveyance was perf

by Chow (1959).  Average reach slope and reach length were obtained from GIS layers of the 

watershed, which included elevation from Digital Elevation Models (DEMs) and a stream-

flow network based on National Hydrography Dataset (NHD) Data.  The total conveyance 

was then multiplied by the square root of the average reach slope to obtain the discharge (in

ft3/s) at a given depth.  An example of an F-table used in HSPF is shown in Table 4.3. 

Table 4.2 Summary of Manning's roughness coefficients for channel cells*. 
Section Upstream Area (ha) Manning's n

Intermittent stream 18 - 360 0.06
Perennial stream 360 and up 0.05

*Brater and King (1976)
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Table 4.3 Example of an “F-table” calculated for the HSPF model. 

Depth (ft) 
Area
(ac)

Volume
(ac-ft)

Outflow
(ft3/s)

0 0 0 0
0.1 0.6 1.69 0.05

0.17 10.76 4.46 24.26
0.77 10.76 10.44 241.7
7.67 11.84 82.36 11150.2
9.59 13.64 104.21 16167.77

11.99 35.37 186.7 21029.3
14.39 36.12 270.99 38599.01

246.99 108.79 16985.15 17519166
479.6 181.45 50601.57 76135368

4.4 Selection of Representative Modeling Period

Selection of the modeling period was based on two factors: availability of data (discharge 

and water-quality) and the need to represent critical hydrological conditions.  Mean daily 

discharge at USGS Gaging Station 02030500 in the Slate River near Arvonia was available 

deling period was selected to include the VADEQ

ulated for

tober 1995.  The results of this analysis are shown in 

Figures 4.4 through 4.5.  This resulted in at least 68 observations of flow and precipitation 

 assessment period (7/90-1/06).  The representative period was chosen from 

this candidate period such that the mean and variance of each season in the modeled period

was not significantly different from the historical data (Table 4.4).  Therefore, the period was 

from 1926 through 1995. The mo

assessment period from July 1990 through December 2002 that led to the inclusion of the

impaired streams in this TMDL study area on the 1996, 1998, 2002 and 2004 Section 303(d) 

lists.  The fecal concentration data from this period were evaluated to determine the 

relationship between concentration and the level of flow in the stream.  High concentrations 

of fecal coliform were recorded in all flow regimes, thus it was concluded that the critical 

hydrological condition included a wide range of wet and dry seasons.

In order to select a modeling period representative of the critical hydrological condition from 

the available data, the mean daily flow and precipitation for each season were calc

the period January 1950 through Oc

for each season.  The mean and variance of these observations were calculated.  Next, a

candidate period was chosen based on the availability of mean discharge data closest to the 

fecal coliform

MODELING PROCEDURE4-8
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ting the hydrologic regime of the study area, accounting for critical selected as represen

conditions associated with all potential sources within the watershed.  The resulting periods 

for hydrologic calibration was October 1992 to September 1995.  For hydrologic validation, 

the periods selected were October 1987 to September 1990. 

For water quality calibration, data availability was the governing factor in the choice of 

calibration, validation, and allocation periods.  The period containing the greatest amount of 

monitored data dispersed over the most stations, and for which the assessment of potential 

sources was most accurate (10/1/1996 to 9/30/1999), was chosen as the calibration period. 

This period contained 115 water quality data points spread over seven stations.  The period 

from 10/1/1999 to 9/30/2001 was chosen as the validation period, with 43 data points over 

seven water quality sampling stations.  The representative hydrological period was chosen as 

the allocation period to ensure that the critical conditions in the watershed were being 

simulated during water quality allocations. 
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Figure 4.3 Annual Historical Flow (USGS Station 02030500) and Precipitation 
(Stations 441136, 440993, 446491) Data 
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Table 4.4   Comparison of modeled period to historical records. 

Figure 4.4 Seasonal Historical Flow (USGS Station 02030500) and Precipi

Mean Flow (cfs) Precipitation (in/day) 

USGS Station 02030500
Primary Station 441136

Secondary Stations 440993/446491*
erFall Winter Spring Summer Fall Winter Spring Summ

Mea 0.125

Historical Record (1926 - 1995) Historical Record (1950 - 2003)
n 188.432 339.393 247.220 122.75 0.106 0.111 0.115

Variance  14,334 19,906 22,139 10,546 0.002 0.001 0.002 0.002
riod (10/92-9/95, 10/87-9/90)

Mea 0.111 0.159 0.117 0.116
Calibration & Validation Pe

n  182.196 491.667 221.766 96.674
Variance  0.458 0.137 0.207 0.145 0.436 0.060 0.477 0.227

Mean
p-values p-values

 0.458 0.137 0.207 0.145 0.436 0.060 0.477 0.227
Variance  9,625 55,621 1,425 1,088 0.003 0.003 0.001 0.000

*Second

model. In general, point sources 

are added to the model as a time-series of pollutant and flow inputs to the stream.  Land-

ary Station utilized only when Primary Station was off-line.

4.5 Source Representation

Both point and nonpoint sources can be represented in the

MODELING PROCEDURE4-10
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ces are represented as an accumulation of pollutants on land, where some 

cilities are permitted for fecal control, with design 

ble 3.4).  The design flow capacity was 

used for allocation runs.  This flow rate was combined with a fecal coliform concentration of 

based nonpoint sour

portion is available for transport in runoff.  The amount of accumulation and availability for 

transport vary with land use type and season.  The model allows for a maximum 

accumulation to be specified.  The maximum accumulation was adjusted seasonally to 

account for changes in die-off rates, which are dependent on temperature and moisture 

conditions.  Some nonpoint sources, rather than being land-based, are represented as being 

deposited directly to the stream (e.g., animal defecation in stream).  These sources are 

modeled similarly to point sources, as they do not require a runoff event for delivery to the 

stream.  These sources are primarily due to animal activity, which varies with the time of 

day.  Direct depositions by nocturnal animals were modeled as being deposited from 6:00 

PM to 6:00 AM, and direct depositions by diurnal animals were modeled as being deposited 

from 6:00 AM to 6:00 PM.  Once in stream, die-off is represented by a first-order 

exponential equation. 

Much of the data used to develop the model inputs for modeling water quality is time-

dependent (e.g., population).  Depending on the timeframe of the simulation being run, 

different numbers should be used.  Data representing 1998 were used for the water quality 

calibration period (1997-1999) and data representing 2001 were used for validation period 

(1999-2002).  Data representing 2006 were used for the allocation runs in order to represent 

current conditions.

4.5.1 Point Sources  

There are 10 permitted point discharges in the James River Tributaries in Albemarle and 

Buckingham Counties.  Seven of these fa

discharges ranging from 0.0004 - 0.3 MGD (see Ta

200 cfu/100 ml to ensure that compliance with state water quality standards could be met 

even if permitted loads were at maximum levels.  For calibration and current condition runs, 

a lower value of fecal coliform concentration was used, based upon a regression analysis 

relating Total Residual Chlorine (TRC) levels and fecal coliform concentrations.  Nonpoint 

sources of pollution that were not driven by runoff (e.g., direct deposition of fecal matter to 
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the the stream by wildlife) were modeled similarly to point sources.  These sources, as well 

as land-based sources, are identified in the following sections.

4.5.2 Private Residential Sewage Treatment 

The number of septic systems in the 41 subwatersheds modeled for water quality in the 

James River Tributaries in Albemarle and Buckingham Counties was calculated by 

overlaying U.S. Census Bureau data (USCB, 1990; USCB, 2000) with the watersheds to 

enumerate the septic systems.  Each residential land use area was assigned a number of septic 

systems based on census data.  A total of 3,127 septic systems were estimated in the James

River Tributaries in Albemarle and Buckingham Counties Study Area in 1998.  During 

allocation runs, the number of households was projected to 2006, based on current growth 

rates (USCB, 2000) resulting in 3,596 septic systems (Table 3.6). 

4.5.2.1 Failing Septic Systems

Failing septic systems were assumed to deliver all effluent to the soil surface where it was

available for wash-off during a runoff event.  In accordance with estimates from Raymond B. 

Reneau, Jr. from Virginia Tech, a 40% failure rate for systems designed and installed prior to 

1964, a 20% failure rate for systems designed and installed between 1964 and 1984, and a 

5% failure rate on all systems designed and installed after 1984 was used in development of 

the TMDLs for the James River Tributaries in Albemarle and Buckingham Counties Study 

Area.  Total septic systems in each category were calculated using U.S. Census Bureau block 

demographics.  The applicable failure rate was multiplied by each total and summed to get 

the total failing septic systems per subwatershed.  The fecal coliform density for septic

system effluent was multiplied by the average design load for the septic systems in the 

subwatershed to determine the total load from each failing system.  Additionally, the loads

were distributed seasonally based on a survey of septic pump-out contractors to account for 

more frequent failures during wet months.

4.5.2.2 Uncontrolled Discharges

Uncontrolled discharges were estimated using 1990 U.S. Census Bureau block 

demographics.  Houses listed in the Census sewage disposal category “other means” were 

assumed to be disposing sewage via uncontrolled discharges.  Corresponding block data and 

MODELING PROCEDURE4-12
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subwatershed boundaries were intersected to determine an estimate of uncontrolled 

discharges in each subwatershed.  Fecal coliform loads for each discharge were calculated 

based on the fecal density of human waste and the waste load for the average size household 

in the subwatershed.  The loadings from uncontrolled discharges were applied directly to the 

stream in the same manner that point sources are handled in the model (Table 3.6). 

4.5.2.3 Sewer System Overflows 

No sewer system overflows were modeled in the James River Tributaries in Albemarle and 

Buckingham Counties due to the lack of representable sewer networks within the region of 

interest. 

4.5.3 Livestock 

Fecal coliform produced by livestock can enter surface waters through four pathways: land 

application of stored waste, deposition on land, direct deposition to streams, and diversion of 

wash-water and waste directly to streams.  Each of these pathways is accounted for in the 

model.  The amount of fecal coliform directed through each pathway was calculated by 

multiplying the fecal coliform density with the amount of waste expected through that 

pathway.  Livestock numbers determined for 2006 were used for the allocation runs, while 

these numbers were projected back to 1998 for the calibration and 2002 for validation runs.  

The numbers are based on data provided by VCE, DCR, NRCS, PFSWCD, TJSWCD, as 

well as taking into account growth rates in Albemarle and Buckingham counties as 

determined from data reported by the Virginia Agricultural Statistics Service (VASS, 1995; 

VASS, 2002).  For land-applied waste, the fecal coliform density measured from stored 

waste was used, while the density in as-excreted manure was used to calculate the load for 

deposition on land and to streams (Table 3.12).  The use of fecal coliform densities measured 

in stored manure accounts for any die-off that occurs in storage.  The modeling of fecal 

coliform entering the stream through diversion of wash-water was accounted for by the direct 

deposition of fecal matter to streams by cattle. 

4.5.3.1 Land Application of Collected Manure 

Collection o ive

livestock animal type in the drainage area, the average daily waste production per month was 

f l stock manure occurs on various beef, horse, and swine farms.  For each 
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calculated using the number of animal units, weight of animal, and waste production rate as 

reported in Table 3.10.  No dairy farms were reported with the James River Tributaries in 

Albemarle and Buckingham Counties and therefore, no dairy waste collection and

application were modelded.  If beef cattle were reported as being confined for some

percentage of time, the waste produced while in confinement was estimated.  Finally, values

for the percentage of loafing lot waste collected, based on data provided by SWCD

representatives and local stakeholders, were used to calculate the amount of waste available

to be spread on pasture and cropland (Table 3.11). Swine in confinement were assumed to be 

confined 100% of the time with all waste stored in a lagoon.  Stored waste was spread on 

It was assumed that 100% of land-applied waste is available for transport in 

ture, but not in close proximity to accessible streams, and was calculated as 

follows:

confinement) – (time in stream access areas)]/(24 hr) 

pastured land.

surface runoff unless the waste is incorporated in the soil by plowing during seedbed

preparation.  Percentage of cropland plowed and amount of waste incorporated was adjusted 

using calibration for the months of planting. 

4.5.3.2 Deposition on Land

For cattle, the amount of waste deposited on land per day was a proportion of the total waste 

produced per day.  The proportion was calculated based on the study entitled “Modeling 

Cattle Stream Access” conducted by the Biological Systems Engineering Department at

Virginia Tech and MapTech, Inc. for VADCR.  The proportion was based on the amount of 

time spent in pas

Proportion = [(24 hr) – (time in

All other livestock (horse and goat) were assumed to deposit all feces on pasture.  The total 

amount of fecal matter deposited on the pasture land use type was area-weighted. 

4.5.3.3 Direct Deposition to Streams

Beef cattle are the primary sources of direct deposition by livestock in the James River 

Tributaries in Albemarle and Buckingham Counties.  The amount of waste deposited in 

streams each day was a proportion of the total waste produced per day by cattle.  First, the 

MODELING PROCEDURE4-14
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For the waste produced on the “stream access” land use, 30% of the waste was modeled as 

being directly deposited in the stream and 70% remained on the land segment adjacent to the 

stream.  The 70% remaining was treated as manure deposited on land.  However, applying it 

in a separate land-use area (stream access) allows the model to consider the proximity of the 

deposition to the stream.  The 30% that was directly deposited to the stream was modeled in 

the same way that point sources are handled in the model. 

4.5.4 Biosolids 

Investigation of VDH data indicated that biosolids applications have occurred within the 

James River Tributaries in Albemarle and Buckingham Counties.  With urban populations 

served by waste water treatment plants growing, the disposal of biosolids will take on 

increasing importance.  Class B biosolids are permitted to contain up to 1,995,262 cfu/g-dry, 

as compared with approximately 240 cfu/g-dry for dairy waste.  Records of biosolids 

applications were obtained from the Farms Services Agency, the VDH and from biosolids 

applicators, enabling the water quality modeling to be carried out in an “as applied” fashion, 

wherein the water quality model received land based inputs of biosolids loads on the day in 

which they actually occurred.  During both model calibration and allocation runs, biosolids 

were modeled as having a fecal concentration of 157,835 cfu/g, the mean value of measured 

biosolids concentrations observed in several years of samples supplied by VDH for sources 

applied during 2001 to 2005.  Applications were modeled as being spread onto the land 

surface over a six hour period on the date of the reported application.  In the case of a 

multiple day application, loads were split evenly over the period reported.  An assumption of 

proper application was made, wherein no biosolids were modeled as being spread in stream 

corridors.  During this analysis, the water quality model predicted that in the majority of 

watersheds in this study, biosolids application resulted in a negligible increase in 

instantaneous violations.  However, the total loading sensitivity analysis (see section 4.6.2, 

Figures 4.6 through 4.7) predicted a linear relationship between increased fecal coliform 

proportion of manure deposited in “stream access” areas was calculated based on the 

“Modeling Cattle Stream Access” study.  The proportion was calculated as follows: 

Proportion = (time in stream access areas)/(24 hr) 
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concentrations in land applications and concentrations in the stream, implying that a 

significant increase in the area of land eligible for biosolids application could potentially 

have a negative impact on water quality. 

4.5.5 Wildlife 

For each species of wildlife modeled, a GIS habitat layer was developed based on the habitat 

descriptions that were obtained (Table 3.16).  An example of one of these layers is shown in 

Figure 4.2.  This layer was overlaid with the land use layer and the resulting area was 

calculated for each land use in each subwatershed.  The number of animals per land segment

was determined by multiplying the area by the population density.  Fecal coliform loads for

each land segment were calculated by multiplying the waste load, fecal coliform densities, 

and number of animals for each species.

MODELING PROCEDURE4-16
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Figure 4.5 Example of raccoon habitat layer in the watershed of the Jam iver
a gh es d by

es R
opetributaries in Albemarle nd Buckin am counti , as devel

MapTech.
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ed for any species.  For each species, a portion of the total 

streams.  The portion being deposited to streams w  ba  on the amount of time spent in 

stream acce reas (Table 3.17).  It was estimated that, for all animals other than beaver, 5% 

of fecal ma eposited to the stream.  

Fo aver ated that 100% of fecal matter would be directly deposited to 

stream

wa  available data to support such adjustments. 

4.5.6 Pets 

Ca d do tion density (animals per 

ho  was oad, and fecal coliform density are reported in Section 3.3.3.  Waste from pets 

wa u ial   T ns lds were taken from the 

199 n 2  Census (USCB, 1990 and USCB, 2000).  The number of animals per 

sub e ed yin

the population density of ach im o  fe  co  deposited daily by pets 

in each lan e segment was calculated by multiplying the waste load, fecal coliform 

density, and num ma  ca .  load was assumed not to 

var ason .  The populations of cats and dogs were projected from 1990 data to 1998, 

2002 and 2006. 

4.6 Sensitivity Analysis 

Sensitivity rfo od se to changes in certain 
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allocation (e.g., seasonal and spatial variability of waste production rates for wildlife, 

livestock, septic system failures, uncontrolled discharges, background loads, and point source 

loads).  Additional analyses were performed to define the sensitivity of the modeled system 

to growth or technology changes that impact waste production rates. 
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Sensi
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ti is

The HSPF parameters u  for  hydrologic sensitivity analysis are presented in Table 

4.5,  b  t u eters were adjusted to -50%, -

10% and 50% he base value, and the model was run for water years 1993-1995.  

Where an in  value for the parameters, the maximum 

value sed and the parameters increased over the base value were reported.  The 

hydr ose that govern peak 

flow w flows.  Peak flows, being a function of runoff, are important because they are 

directly nd surface to the stream.  Peak 

flow ost sensitive to changes in the parameters governing infiltration such as INFILT 

(Infiltra by U  (Upper Zone Storage), which 
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Table 4.5  HSPF base parameter values used to determine hydrologic model 
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4.6.2 Water Quality Parameter Sensitivity Analysis

For the water quality sensitivity analysis, an initial base run was performed using 

precipitation data from water years 1997 through 1999.  The four HSPF parameters

impacting the model’s water quality response (Table 4.7) were increased and decreased by 

amounts that were consistent with the range of values for the parameter.  All three parameters

had noticeable influence on monthly geometric mean concentration (Table 4.8).  Graphical

depictions of the results of this sensitivity analysis can be seen in Figures 4.6 through 4.8. 

Table 4.7 Base parameter values used to determine water quality model response.
Parameter Description Units Base Value

MON-SQOLIM Maximum FC Accumulation on Land FC/ac 0-4.5E+12
WSQOP Wash-off Rate for FC on Land Surface in/hr 0-2.8
FSTDEC In-stream First Order Decay Rate 1/day 0.88-1.75
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In addition to analyz

transport and die-off param

direct loads was also analyzed.  It is ev

predicts a linear 

and dire

relationship differs greatly betw
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ing the sensitivity of the model response to changes in water quality 

eters, the response of the model to changes in land-based and 

ident in Figures 4.6 through 4.8 that the model

relationship between increased fecal coliform concentrations in both land

ct applications, and total load reaching the stream.  The magnitude of this 

een land applied and direct loadings; a 100% increase in the

over 90% in stream loads, while a 100% increase 

ds results in less than a 10% increase in stream loads.  In contrast, the sensitivity

analysis of geometric mean concentrations showed that both land based loads and direct 

loads had great impact (Figures 4.9 through 4.11). 
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4.7

Calibration and validation are perform

represents the hydrologic and water quality 

hydrologic param

Through calibration, these param

model perform

4.7.1 Hydrologic 

HSPF param

am

groundwater (AGWRC)

upper zone (UZSN) and lower zone (LZSN), th

the infiltration capacity

(INTFW

elopment James River Tributaries in
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Model Calibration and Validation Processes

ed in order to ensure that the model accurately 

processes in the watershed.  The model’s

eters were set based on available soils, land use, and topographic data. 

eters were adjusted within appropriate ranges until the 

ance was deemed acceptable.

Calibration and Validation

eters that were adjusted during the hydrologic calibration represented: the

ount of evapotranspiration from the root zone (LZETP), the recession rates for 

 and interflow (IRC), the amount of soil moisture storage in the 

e amount of interception storage (CEPSC),

 (INFILT), the amount of soil water contributing to interflow

, deep groundwater inflow fraction (DEEPER), baseflow PET (BASETP), and 

groundwater recession flow (KVARY).  Table 4.9 contains the possible range for the above 

param ate and final calibrated value.  State variables in the 

PERLND water (PWAT) section of the User’s Control Input (UCI) file were adjusted to

reflect initial conditions.

The m  using daily flow data from USGS Gaging 

Station 02030500 Slate River for the period October 1992 through September 1995 (Table 

4.10).  Figures 4.12 and 4.13 display comparisons of modeled versus observed data for the

entire calibration period.

NCDC weather stations Buckingham (441136), Bremo (440993), and Palmyra (446491)

were used to supply precipitation input for the HSPF model.  For the entire modeling period, 

only daily precipitation values were available, thus daily rainfall values were interpolated to 

hourly values in order to provide model input on an hourly basis.  This interpolation was 

performed in an HSPF utility called WDMUtil, and is referred to as disaggregation.  In this

process, a daily rainfall total is divided up into hourly values using a representative 

distribution scheme.  Daily values were disaggregated using two different schemes: 1) a

station matching disaggregation scheme and 2) a triangular disaggregation scheme.  The 

)

eters along with the initial estim

odel was calibrated for hydrologic accuracy
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at th

reported at the hourly station (Brem

was disaggregated based on a triangul

Table 4.9 
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atching procedure involved identifying a rain gage reporting hourly data in close 

ity to the study area whose daily total precipitation was within 5% of the total daily

tation within the study area.  In this case, the distribution of rainfall 

e station within the watershed was disaggregated based on the precipitation pattern

o #440993). When this condition failed, the precipitation 

ar distribution, over an 8-hour period. 

Model parameters utilized for hydrologic calibration. 

Parameter Units 
Possible Range 
of Parameter

Value

Initial
Parameter
Estimate

Ca ted
Paramete alue

libra
r V

LZSN In 2.0 – 15.0 10.23-15.00 4.91-6.00
INFILT in/hr 0.001 – 0.50 0.0696-0.1946 0.06 1751
KVARY l/in 0.0 – 5.0 0.0
AGWRC l/day 0.85 – 0.999 0.98-0.98 0.99 93
DEEPFR --- 0.0 – 0.50 0.01-0.01 0.25-0.25
BASETP --- 0.0 – 0.20 0.01-0.01 0.1-0.1
AGWETP --- 0.0 – 0.20 0.01 – 0.01 0.01
CEPSC in 0.01 - 0.40 0.01-0.2 0.01-0.4
UZSN in 0.05 – 2.0 0.41-1.52 0.45-1.5
INTFW --- 1.0 – 10.0 2.0 – 2.0 1.0 – 1.0 
IRC l/day 0.30 – 0.85 0.5 – 0.5 0.3 –
LZETP --- 0.1 – 0.9 0.1-0.8 0.1-0.9

Table 4.10 Hydrology calibration criteria and model performance for period 
10/1/1992 through 9/30/1995 at USGS Gaging Station 02030500 on Slate 
River (subshed 10).

Criterion Observed  Modeled Error
Total In-stream Flow: 165.07 150.42 -8.88
Upper 10% Flow Values: 80.81 71.75 -11.22
Lower 50% Flow Values: 24.67 22.38 -9.27

Winter Flow Volume 81.08 73.58 -9.26
Spring Flow Volume 36.98 38.60 4.40
Summer Flow Volume 16.30 12.52 -23.16
Fall Flow Volume 30.71 25.72 -16.27

Total Storm Volume 141.52 126.93 -10.31
Winter Storm Volume 75.25 67.76 -9.96
Spring Storm Volume 31.08 32.72 5.27
Summer Storm Volume 10.43  6.68 -35.9
Fall Storm Volume 24.75 19.77 -20.14

5

26-0.
0.2
3-0.9

– 0.01 

 0.3 
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HSPF Hydrologic Validation 

odel was verified using stream flow data from 10/1/1987 to 9/30/1990. 

g statistics are shown in Table 4.11.  The percent error is within ac le

ranges for model validation.  The hydrology validation results are shown in Figures 4.14 and 

4.15.

Table 4.11 Hydrology validation criteria and model performance for Slate River for 
the period 10/01/1987 through 9/30/1990. 

 Criterion Observed Modeled Error
Total In-stream Flow: 151.98 165.52 8.91

Upper 10% Flow Values: 63.76 67.63 6.07
Lower 50% Flow Values: 27.06 30.86 14.04

Winter Flow Volume 46.20 44.49 -3.70
Spring Flow Volume 49.16 59.51 21.04

Summer Flow Volume 26.19 26.44 0.96
Fall Flow Volume 30.42 35.07 15.29

Total Storm Volume 136.64 147.06 7.63
Winter Storm Volume 42.40 39.89 -5.91
Spring Storm Volume 45.33 54.88 21.06

Summer Storm Volume 22.37 21.91 -2.07
Fall Storm Volume 26.54 30.39 14.48

ceptab
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Water Qual

i

 bacteria in feces (a

easurin

eters were utilized for m

mum a

ity Calibration and Validation 

Water quality calibration is complicated by a number of factors, some of which are described 

here.  F rst, water quality concentrations (e.g., fecal coliform concentrations) are highly 

dependent on flow conditions.  Any variability associated with the modeling of stream flow 

compounds the variability in modeling water quality parameters such as fecal coliform 

concentration.  Second, the concentration of fecal coliform is particularly variable.  

Variability in location and timing of fecal deposition, variability in the density of fecal 

coliform mong species and for an individual animal), environmental 

impacts on regrowth and die-off, and variability in delivery to the stream all lead to difficulty 

in m g and modeling fecal coliform concentrations.  Additionally, the maximum 

values were at times censored at 8,000 cfu/100ml and, at other times, at 16,000 cfu/100ml.  

Limited amount of measured data for use in calibration and the practice of censoring both 

high (over 24,000 cfu/100 ml) and low (under 100 cfu/100 ml) concentrations impede the 

calibration process. 

The water quality calibration was conducted from 10/1/1996 through 9/30/1999.  Three 

param odel adjustment: in-stream first-order decay rate (FSTDEC), 

maxi ccumulation on land (SQOLIM), and rate of surface runoff that will remove 90% 

of stored fecal coliform per hour (WSQOP).  All of these parameters were initially set at 

expected levels for the watershed conditions and adjusted within reasonable limits until an 

acceptable match between measured and modeled fecal coliform concentrations was 

established (Table 4.12).  Figures 4.16 through 4.23 show the results of calibration.

Table 4.12 Model parameters utilized for water quality calibration. 

Parameter Units 
Typical Range of 
Parameter Value 

Initial Parameter 
Estimate

Calibrated
Parameter Value 

MON-SQOLIM FC/ac 1.0E-02 – 1.0E+30 8E+6 to 1E+11 0 to 2.4E+13 
WSQOP in/hr 0.05 – 3.00 0.2 – 3.0 0.12 – 2.8 
FSTDEC 1/day 0.01 – 10.00 1.15 0.05 to 1.0 
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Careful inspection of graphical comparisons between continuous simulation results and 

a

he

as

ta

observed points was the primary tool used to guide the calibration process. To provide

quantitative measure of the agreement between modeled and measured data while taking t

inherent variability of fecal coliform concentrations into account, each observed value w

compared with modeled concentrations in a 2-day window surrounding the observed da

point.  Standard error in each observation window was calculated as follows: 

n

n
rrorStandard E

1

where

modeled
i

i
1

2

cal

of

an

ed

re,

as

ta

nd

w

ite

nable when one takes into account the censoring of maximum values that is practiced in 

the k se

impairm ered an indicator of good model performance.

observed
n

coliform

day window-2in thensobservatiomodeledofnumber the

nobservatio thegsurroundinday window-2in the valuemodeleda

n

modeledi

This is a non-traditional use of standard error, applied here to offer a quantitative measure

model accuracy.  In this context, standard error measures the variability of the sample me

of the modeled values about an instantaneous observed value.  The use of limit

instantaneous observed values to evaluate continuous data introduces error and, therefo

increases standard error.  The mean of all standard errors for each station analyzed w

calculated.  Additionally, the maximum concentration values observed in the simulated da

were compared with maximum values obtained from uncensored data (Chapter 2) and fou

to be at reasonable levels (Table 4.13).  The standard errors in Table 4.13 range from a lo

of 16 to a high of 290. Even the highest value in this range can be considered qu

reaso

feof  valueobservedanobserved

ta ing of actual water quality samples.  Thus, the standard errors calculated for the

ents are consid
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Table 4.13 Results of analyses on calibration runs.
WQ Monitoring Mean Standard Error Maximum Simulated Value 

Station (cfu/100ml) (cfu/100ml)
2-FRY000.35 107 5,332
2-AUS001.12 16 8,598
2-TBM000.80 290 15,735
2-NTH001.65 102 38,762
2-SLT003.68 105 15,617
2-RKI003.40 165 10,472
2-BLR003.00 128 8,974
2-TOT002.61 41 9,106

Table 4.14 shows the predicted and observed values for instantaneous standard violation ra

and geometric mean for all impaired stream segments in the James River Tributaries

Albemarle and Buckingham Counties.  For the majority of stations with

te,

in

a substantial sample

population, differences between both the violation rates and geometric means are well within 

the range of reasonable model error.
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The water quality validation was conducted for the time period from 10/01/1999 to 

9/30/2001.  The relationship between observed values and modeled values are shown in 

in Appendix C. 
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5. ALLOCATION

Total Maximum Daily Loads (TMDLs) consist of waste load allocations (WLAs,

permitted sources) and load allocations (LAs, nonpoint and sources) including natural 

background levels.  Additionally, the TMDL must include a margin of safety (MOS) that 

either implicitly or explicitly accounts for the uncertainties in the process (e.g., accuracy

inputs, such as data used for

developing model parameters or data used for calibration, may affect the load allocations 

model through meters, or explicitly as an

additional load reduction requirem ntion OS de of

f o e t l actu

loadings that exist in th   An im cit MOS as use e d nt

this TMDL. adop an im t MOS timating the loads in the wa d, it i

ensured that the recommended reductions will in fact succeed in meeting the wate

quality standard.  Examples of the implicit MOS used in the development o MDL

are:

Alloca g per o sources a m allowable fe oliform
concentration,

Selecting a modeling period that represented th tical h logic c ions in
the watershed, and 

Modeling biosolids ap e maximum allowable rate and fecal 
coliform concentration in all permitted fields.

of wildlife populations).  The definition is typically denoted by the expression:

             TMDL = WLAs + LAs + MOS 

The TMDL becomes the amount of a pollutant that can be assimilated by the receiving

waterbody and still achieve water quality standards.  For fecal coliform bacteria, the 

TMDL is expressed in terms of colony forming units (or resulting concentration). 

5.1 Incorporation of a Margin of Safety

In order to account for uncertainty in modeled output, a MOS was incorporated into the 

TMDL development process.  Individual errors in model

in a positive or a negative way.  A margin of safety can be incorporated implicitly in the

the use of conservative estimates of model para

ent.  The in

nsure that

te

he modeled

of a M

oads do not underestim

in the

d in th

velopment a

aecal colif rm TMDL is to ate the

evelopme

l

ofe watershed. pli w

By ting plici in es tershe s

r

f this T

tin mitted p int  at the m ximu cal c

e cri ydro ondit

plications at th
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5.2 Scenario Development

onth geometric-mean concentration shall not exceed 126 cfu/100 ml,

and that a maximum single sample concentration of E. coli shall not exceed 235 cfu/100 

CC

Allocation scenarios were modeled using HSPF.  Existing conditions were adjusted until 

the water quality standard was attained.  The TMDLs developed for the James River 

Tributaries in Albemarle and Buckingham Counties Study Area were based on the

Virginia State Standard for E. coli.  As detailed in Section 2.1, the E. coli standard states 

that the calendar m

ml.  According to the guidelines put forth by the VADEQ (VADEQ, 2003) for modeling

E. coli with HSPF, the model was set up to estimate loads of fecal coliform, then the 

model output was converted to concentrations of E. coli through the use of the following 

equation (developed from a data set containing 493 paired data points):

)(log91905.00172.0)(log 22 fcec

mitted discharges are required to meet water quality standards for bacteria at

the end of pipe, addition or expansion of these discharges is typically insignificant in

causing or contributing to exceedences of the bacteria standard instream.  To avoid 

having to modify developed TMDLs each time an insignificant increase in permitted

where Cec is the concentration of E. coli in cfu/100 ml, and Cfc is the concentration of

fecal coliform in cfu/100 ml.

Pollutant concentrations were modeled over the entire duration of a representative

modeling period and pollutant loads were adjusted until the standard was met (Figures

5.1 through 5.16).  The development of the allocation scenario was an iterative process

that required numerous runs with each followed by an assessment of source reduction

against the water quality target.

A growth/expansion load factor was included in each impairment to allow for new 

permits and/or expansion of existing ones.  Permits for wastewater discharges require that 

bacteria be discharged at concentrations at or below the water quality standard.  Future 

growth allocations for point sources were developed to be consistent with VADEQ

guidance on new or expanding discharges (cite DEQ Guidance Memo 05-2011). 

Because per
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point sources is made, these TMDLs were developed with a future growth allocation up

MDL. USEPA has determined that a less than 1to 1% of the T % increase in a TMDL is 

insignificant.

5.2.1 Wa a io

There are ele n poin ources ently p itted to discharge in e Rive

Tributaries in Albema and B ngham Counties Study Area streams Fig .4 an

3.5 Table 4. Eig are per E. coli cont The allocation for the source

perm ted for coli c rol is equivalent to their current permit le ls (des charg

and 126 cfu/100 ml).  Future gr tershed accou for by ming

500% growth in perm discha or thos tershe ith pe ed dis e. Fo

wat eds w no ex ing po ources as Fr Branc ustin C , North

River, Rock Island Creek, Ball Creek Totier Creek, fut rowth rmitted

poi urces s acc ted for as a 1% of the current TMDL in atersh

.2.2 Load Allocations

ources are divided into land-based loadings from land uses 

significant impact on low flow concentrations.  The BST 

sequentially, beginning with headwater impairments, and 

ste Lo d Allocat ns

ve t s rrcu erm to th James r

rle ucki ures 3 d

and 3. ht mitted for rol. s

it E. ont ve ign dis e

owth in each wa was nted assu a

it rge f e wa ds w rmitt charg r

ersh ith ist int s such isby h, A reek

inger and ure g in pe

nt so wa oun the w ed.

5

Load allocations to nonpoint s

and directly applied loads in the stream (e.g., livestock and wildlife).  Source reductions 

include those that are affected by both high and low flow conditions.  Land-based NPS 

loads had their most significant impact during high-flow conditions, while direct

deposition NPS had their most

results for 2005-2006 confirmed the presence of human, livestock, pet, and wildlife 

contamination.  Load reductions were performed by land use, as opposed to reducing 

sources, as it is considered that the majority of BMPs will be implemented by land use. 

Reductions on agricultural land uses (pasture and cropland) include reductions required 

for biosolids and imported poultry litter. 

Allocation scenarios were run

then continuing with downstream impairments until all impairments were allocated to 0%

exceedances of both standards.  Tables 5.1 through 5.9 represent a portion of the

scenarios developed to determine the TMDL for each impairment.  Scenario 1 in each

table describes a baseline scenario that corresponds to the existing conditions in the 
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watershed.  Model results indicate that human, livestock, and wildlife contributions are 

significant in all areas of the watershed.  This is in agreement with the results of BST 

analysis presented in section 2.4.2.1.

Reduction scenarios exploring the role of anthropogenic sources in standards violations 

were explored first to determine the feasibility of meeting standards without wildlife 

reductions.  In each table, scenario 2 attempts to determine the impact of non-

anthropogenic sources (i.e., wildlife), by exploring 100% reductions in all anthropogenic 

land-based and direct loads.  In most cases, the model predicts that water quality

standards will not be consistently met without reductions in wildlife loads. However,

removal of all anthropogenic sources will result in a 10.5 or less percent violation of the

us

segments is po

S t T de ti i atio

strategies, t m nt scenarios were explore e ta

con s redu ions o 0% in ll anthrop enic lan ased lo s and trolle

resi tial dis arges, 0% re ion in d livestock deposit and a 0 ductio

in w life di t and nd-base oading to e strea This sc ario co nds t

what is cons red to be a reasonable scenario for a stage I implemen . The

scen clude seve t attem eet .5% v ion rat is is a

important milestone i hased i enta becau would low del of th

stream as impaired.  Further s rios in  table explore a ge of gement

sce a g to t  final allocation sc io that contains the predicte uction

needed to me oth w r qual ndards

h is located in the southwestern portion of Buckingham County and it flows

re the confluence with Grease Creek, which flows into

instantaneo standard in all of the impaired segments.  Therefore, delisting these

ssible with no reductions to wildlife sources.

ince par of the

ypical

MDL

anageme

velopment is the iden fication

d as w

of phased

ll. Scenario

mplement n

3 in each ble

tain ct f 5 a og d-b ad uncon d

den ch a 9 duct irect ion, % re n

ild rec la d l th m. en rrespo o

ide tation

arios in ral options tha pt to m a 10 iolat e. Th n

n p mplem tion se it al isting e

cena  each ran mana

narios, le din he enar d red s

et b ate ity sta .

5.2.2.1 Frisby Branch

Frisby Branc

in a northeasterly direction befo

the Slate River.  The impaired section begins at the headwaters and continues

downstream to the Grease Creek confluence (3.93 stream miles). The watershed is 85% 

forest and 6% pasture.
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The total fecal coliform production per year in the watershed was modeled as 4.25E+14,

with a fecal coliform density of 1.33E+11 cfu/acre.  Major sources of fecal coliform

bacteria in the watershed are hogs (72%), beef cattle (12%) and, wildlife (10%).  The

enario 3 predicts that violations of 

the instantaneous standard will remain above 10.5% with moderate reductions in land-

ng from Existing Condition Percent Violations

VADEQ monitoring stations, 2-FRY000.35 and 2-FRY003.00 had historical fecal

coliform violation rates of 22% and 40% respectively.

Scenario 2 in Frisby Branch predicts that with removal of all anthropogenic sources there 

will be no violations of the instantaneous standard. Sc

based anthropogenic sources, and a reduction of 90% of direct loads from livestock. 

Scenarios 4 through 7 explore increasing restrictions upon land-based and direct loads.

Scenarios 8 through 10 represent three alternatives of reductions that would achieve an 

approximate 10.5% violation rate of the instantaneous standard.  Scenario 13 shows the 

final allocation scenario for Frisby Branch, which requires 100% reductions from

livestock and human direct sources and 99.3% reductions in anthropogenic non-point 

sources in order to obtain no violations of both standards. 

Table 5.1 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 2, Frisby Branch. 

Percent Reduction in Loadi

Scenario Direct NPS Direct
Number Wildlife

Loads
Forest/

Wetlands
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Single
Sample
 > 235

cfu/100ml
1 0 0 0 0 0 0 38.89 18.56
2 0 0 100 100 100 100 0.00 0.00
3 0 0 90 50 100 50 2.78 11.15
4 0 0 0 0 100 0 16.67 15.9
5 0 0 100 0 100 0 13.89 15.72
6 0 0 95 50 100 50 2.78 10.88
7 0 0 100 53 100 53 2.78 10.6
8 0 0 99 54 100 54 2.78 10.24
9 0 0 53.5 53.5 100 53.5 5.56 10.42

10 0 0 0 55 100 0 5.56 10.33
11 0 0 100 99 100 95 0.00 0.09
12 0 0 100 99.5 100 99 0.00 0.00
13 0 0 100 99.3 100 99.3 0.00 0.00
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5.2.2.2 Austin Creek

Austin Creek is a tribu

C d in rthea direct Austi k is dere fo

fecal coliform bacteria from a o rt r (6.1

stream miles The w  is 84% fore 1% pas e, and oxi %

barren land uses.

The total fecal colifor roducti per year the wa d was led as 2.38E+14

with a fecal coliform nsity 03E+10 m

bacteria include hogs (65%), mu rat (9%), ef catt ) and er (5% e tota

wildlife cont tion to the fecal coliform load was estimated as 25%. T ADEQ

monitoring station, 2-AUS001.12, has a histo  fecal coliform violation rate of 20%.

Sce o 2 in ustin reek p ts that removal of all ropoge ources

vio ns of e inst aneous still oc .58% the tim ith 0%

iolations of the geometric mean standard. This demonstrates that the wildlife load is a

e watershed.  Scenario 3 explores another scenario, with 50% 

three alternatives of reductions that would achieve a less 

than 10.5% violation rate of the instantaneous standard.  Scenario 13 shows the final

tary to the North River located in southwestern Buckingham

ounty an flows a no sterly

it’s headw

ion.

ters to the c

n Cree

nfluence

consi

with the No

a pr

d impaired r

h Rive

ma 12

4

in). atershed st, tur p tely

m p on in tershe mode ,

de of 5. cfu/acre.  Major sources of fecal colifor

sk be le (6% de ). Th l

ribu he V

rical

nari A C redic with anth nic s ,

latio th ant standard will cur 5 of e, w

v

significant factor in th

reductions in all anthropogenic land-based loads, and a reduction of 90% of direct loads 

from livestock, and predicts that violations of the instantaneous standard will remain

above 10.5%.  Scenarios 4, 5 and 6 explore increasing restrictions upon both land-based 

and direct loads, but demonstrate the need for reductions of wildlife contributions.

Scenarios 7 through 9 represent

allocation scenario for Austin Creek, which requires 100% reductions in all

anthropogenic direct sources, 99% reductions in livestock land based sources, 99% 

reductions in human/pet land based sources, with 90% reductions necessary in wildlife 

land-based loads and 50% reduction of direct wildlife loads in order to obtain no

violations.
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Table 5.2 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 13, Austin Creek.

Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Sin
Sam

> 2
cfu/1

gle
ple
35

00ml
1 0 0 0 0 0 0 33.33 23.31
2 0 0 100 100 100 100 0.00 5.58
3 0 0 90 50 100 50 5.56 13.89
4 0 0 0 0 100 0 16.67 21.02
5 0 0 100 0 100 0 13.89 20.75
6 0 0 100 60 100 60 5.56 12.07
7 0 0 99 72 100 72 5.56 10.42
8 0 0 72.2 72.2 100 72.2 5.56 10.42
9 0 0 0 75 100 0 5.56 10.24

10 0 100 95 100 95 0.000 6.67
11 0 0.000 100 100 100 100 5.58
12 0 50 100 100 100 100 0.00 2.29
13 50 90 100 99 100 99 0.00 0.00

5.2.2.3 Upper Slate River 

The Upper Slate River is located primarily the sou stern ion of ngham

County.  The impaired section begins at the confluence with Greas Creek a ntinue

downstream to the confluence with Walton Fork (13.28 stream m . The shed i

83% forest with 9% pasture.

The total fecal coliform produc er year the wa d was deled as 1.28E+16

with a fecal coliform nsity o .85E+11 m

bacteria are hogs (49%), broi (26%) beef (12%).  The total wildlife

contribution he fecal colifo oad is ated as 8%.  The VADEQ monitoring

30% and 50% respectively.

ate River shows that with removal of all anthropogenic 

instantaneous standard will remain above a 10.5% violation rate with 50% reductions in 

in thwe port Bucki

e nd co s

iles) water s

tion p in tershe mo ,

de f 1 cfu/acre.  Major sources of fecal colifor

lers and cattle

to t rm l  estim

stations, 2-SLT024.72 and 2-SLT030.19, have  historical fecal coliform violations rate of

Scenario 2 for the Upper Sl

sources, violations of the instantaneous standard will still occur 2.29% of the time, with 

0% violations of the geometric mean standard.  Scenario 3 predicts that violations of the
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land-based anthropogenic sources, and a reduction of 90% of direct loads from livestock.

Scenarios 4 and 5 explore increasingly stringent restrictions upon land-based and direct

loads and demonstrate the need for reductions in wildlife sources to attain final

ons

compliance with the standards.  Scenarios 6 through 8 represent three alternatives of 

reductions that would achieve an approximate 10.5% violation of the instantaneous 

standard.  Scenario 12 shows the final allocation scenario for the Upper Slate River,

which requires 100% reductions in all anthropogenic direct sources, 99.5% reductions in 

land based agricultural loads, 99% reductions in residential and urban land-based loads 

and a 99% reduction in wildlife land-based loads and direct loads in order to obtain no 

violations of the standards. 

Table 5.3 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 5, Upper Slate River.

Percent Reduction in Loading from Existing Condition Percent Violati

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Single
Sam

> 23
cfu/10

ple
5

0ml
1 0 0 0 0 0 0 27.78 20.11
2 0 0 100 100 100 100 0.00 2.29
3 0 0 90 50 100 50 0.00 13.71
4 0 0 0 0 100 0 5.56 19.29
5 0 0 100 0 100 0 5.56 19.2
6 0 0 99 55 100 55 0.00 10.33
7 0 0 57 57 100 57 0.00 10.42
8 0 0 0 60 100 0 0.00 10.42
9 0 0 100 90 100 90 0.00 8.23

10 99 99 100 99.5 100 99 0.00 6.31
11 0 0 100 100 100 100 0.00 2.29
10 50 50 100 99 100 99 0.00 0.09
12 99 99 100 99.5 100 99 0.00 0.00

Note scenarios 6 through 8 were run with upstream impairments at a similar 10.5% violation rate and
scenarios 9 through 12 were run with upstream impairments at a 10.5% violation rate rather than a 0%
violation rate. 

5.2.2.4 Troublesome Creek

Troublesome Creek is located in the south central portion of Buckingham County and 

flows in a northerly direction before the confluence with the Slate River.  The impaired

section begins at the Troublesome Creek Reservoir and continues downstream to the 
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confluence with the Slate River (0.95 stream miles).  The watershed is 76% forested with

and 2% in residential.11% in pasture

Total fecal coliform tio r rs modeled as 2 wi

a fecal coliform de .8 cfu/a ajo es of fecal co te

are poultry (69%), hogs (18%) and beef cattle (6%). Th tal wild e contr to th

feca oliform ad is imated %. Th DEQ itoring tion, 2- 000.8

has a historical fecal coliform violation rate of 20%.

Scenario 2 for Troublesome Cre hows t th rem of al ropog ources

there will be no violations of either the antane r geometric me andard

Scenario 3 predicts that violati f the in taneou dard w fall below a 10.5%

violation rate with 50% reductions in land-b d anthr enic s es, and uction

of 90% of direct loads f  livestock.  Scen t three alternatives 

of reductions necessary to attain a less than 10.5% violation rate of the instantaneous

standard.  Scenario 13 shows the final allocation scenario for Troublesome Creek, which 

requires 100% reductions in all anthropogenic direct sources, 99% reductions in non-

o agricultural land and 80% reductions in non-point 

produc

nsity of 4

n per yea

1E+11

in the wate

cre. M

hed was

r sourc

.07E+15, th

liform bac ria

e to lif ibution e

l c lo est as 3 e VA mon sta TBM 0

ek s hat wi oval l anth enic s ,

inst ous o an st .

ons o stan s stan ill

ase opog ourc a red

rom arios 6 through 8 represen

point anthropogenic loads t

anthropogenic loads to residential and urban land-based loads in order to obtain no 

violations of water quality standards. 
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Table 5.4 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 17, Troublesome Creek.

Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Sin
Sam

>
cfu/1

gle
ple

235
00ml

1 0 0 0 0 0 0 0.00 11.97
2 0 0 100 100 100 100 0.00 0.00
3 0 0 90 50 100 50 0.00 6.95
4 0 0 0 0 100 0 0.00 11.43
5 0 0 100 0 100 0 0.00 11.06
6 0 0 99 7.5 100 7.5 0.00 10.42
7 0 0 8 8 100 8 0.00 10.33
8 0 0 0 15 100 0 0.00 10.33
9 0 0 100 20 100 20 0.00 8.87

10 0 0 100 1.3795 100 95 0.00
11 0 0 100 97 100 97 0.00 0.73
12 0 0 100 99 100 75 0.00 0.09
13 0 0 100 99 100 80 0.00 0.00

5.2.2.5 North 

North River is located in the southwestern po ion of B ngham nty a ows i

a n easter direct befor s confluence with the Slate River. T paire

segm t begi at the nfluence with Mea Creek continues downst m to th

con nce w the Sl River % f ed with

9% in pasture and 6% barren.

otal fecal coliform production per year in the watershed was modeled as 4.20E+15, with 

1.90E+11 cfu/acre.  Major sources of fecal coliform bacteria 

iolation rate of 70%.

violations of the geometric mean standard. Scenario 3 predicts that violations of the

River

rt ucki  Cou n ld it f n

orth ly ion e it he im d

en ns co dow and rea e

flue ith ate (8.44 stream miles).  The watershed is 81 orest

T

a fecal coliform density of

include hogs (75%) and beef (12%).  The total wildlife contribution to the fecal coliform

load is estimated as 8%.  The long term VADEQ monitoring station, 2-NTH001.65, has a 

historical fecal coliform violation rate of 24%.  An additional monitoring station added in 

1997, 2-NTH003.88 has a historical fecal coliform v

Scenario 2 for the North River shows that with removal of all anthropogenic sources, 

violations of the instantaneous standard will still occur 2.29% of the time, with 0.00% 
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instantaneous standard will remain above 10.5% with moderate reductions in land-based

anthropogenic sources, and a reduction of 90% of direct loads from livestock.  Scenarios 

4 and 5 explore greater restrictions upon land-based and direct loads, and further

demonstrate the need for reductions of wildlife contributions.  Scenarios 6 through 8 

represent three alternatives of reductions to achieve a less than 10.5% violation rate of the 

instantaneous standard.  Scenario 13 shows the final allocation scenario for the North

River, which requires 100% reductions in all anthropogenic direct sources, 99.5% 

reductions in non-point agricultural and residential and urban land-based loads, and a 

97% reduction in wildlife land-based loads and direct loads in order to obtain no 

violations of either standard.

Table 5.5 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 16, North River.

Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Sin
Samp

> 23
cfu/1

gle
le
5

00ml
1 0 0 0 0 0 0 19.44 19.93
2 0 0 100 100 100 100 0.00 2.29
3 0 0 90 50 100 50 2.78 15.17
4 0 0 0 0 100 0 5.56 19.47
5 0 0 5.56 19.470 100 0 100
6 0 0 99 76 100 76 0.00 10.42
7 0 0 76 76 100 76 0.00 10.42
8 0 0 0 83 100 0 0.00 10.42
9 0 0 100 80 100 80 0.00 7.31

10 0 0 100 100 90 90 0.00 5.48
11 0 0 100 100 100 100 0.00 2.1
12 90 90 100 99 100 99 0.00 0.46
13 97 97 100 99.5 100 99.5 0.00 0.00

Note enarios 6 through  ru  upstream pairmen a simila 0.5% vi e an
scen s 9 thro 13 we un wit ream im ents at % viol e rat an a 0%
viola

5.2.2.6 Lower Slate River 

The Lower Slate River is located in the nor stern p n of B ingham ty and

flows northe efore its confluence with th ames R The ired se begin

sc 8 were n with im ts at r 1 olation rat d
ario
tion rate. 

ugh re r h upst pairm a 10.5 ation rat her th

thea ortio uck Coun

ast b e J iver. impa ction s
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at the Sharps Creek confluence and continues downstream to the James River confluence

e total wildlife contribution 

s of 

(7.12 stream miles).  The watershed is 82% forested with 9% in pasture.

Total fecal coliform production per year in the watershed was modeled as 2.04E+16, with 

a fecal coliform density of 1.30E+11 cfu/acre.  Major sources of fecal coliform bacteria 

include hogs (43%), poultry (21%) and beef cattle (18%).  Th

to the fecal coliform load is estimated as 11%.  The long term VADEQ monitoring 

station, 2-SLT003.68, has a historical fecal coliform violation rate of 12%.

Scenario 2 for the Lower Slate River shows that with removal of all anthropogenic 

sources, violations of the instantaneous standard will still occur 1.46% of the time, with 

0.00% violations of the geometric mean standard.  Scenario 3 predicts that violation

the instantaneous standard will remain above the 10.5% violation rate with moderate

reductions in land-based anthropogenic sources, and a reduction of 100% of direct loads 

from livestock.  Scenarios 4 and 5 explore greater restrictions upon land-based and direct 

loads, and further demonstrate the need for reductions of wildlife contributions.

Scenarios 6 through 8 represent three alternatives of reductions to achieve a violation rate 

less than 10.5% of the instantaneous standard.  Scenario 12 shows the final allocation

scenario for the Lower Slate River, which requires 100% reductions in all anthropogenic 

direct sources and a 60% reduction in wildlife land-based loads and direct loads in order 

to obtain no violations of either standard. 
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Table 5.6 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 12, Lower Slate River.

Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geometric
Mean
 > 126

cfu/100ml

Single
Sample
 > 235

cfu/100ml
1 0 0 0 0 0 0 19.44 20.02
2 0 0 100 100 100 100 0.00 1.46
3 0 0 90 50 100 50 0.00 15.17
4 0 0 0 0 100 0 5.56 18.19
5 0 0 100 0 100 0 5.56 17.46
6 0 0 99 39.5 100 39.5 0.00 10.33
7 0 0 40 40 100 40 0.00 10.33
8 0 0 0 45 100 0 0.00 10.24
9 0 0 100 50 100 50 0.00 9.60

10 0 0 100 99 100 99 0.00 7.22
11 55 55 100 99 100 99 0.00 0.09
12 60 60 100 99 100 99 0.00 0.00

N
scen

ote scenarios 6 through 8 were run with upstream impairments at a similar 10.5% violation rate and
arios 9 through 12 were run with upstream impairments at a 10.5% violation rate rather than a 0%

violation rate. 

es River.  The impaired section begins at the 

eadwaters and continues downstream to the James River confluence (8.84 stream miles).

The watershed is 88% forested with 5% pasture and 4% barren.

Total fecal coliform production per year in the watershed was modeled as 4.46E+14, with 

a fecal coliform density of 3.42E+10 cfu/acre.  Major sources of fecal coliform bacteria 

include beef cattle (43%), raccoon (18%) and muskrat (14%).  The total wildlife

contribution to the fecal coliform load is estimated as 40%.  The long term VADEQ 

monitoring station, 2-RKI003.40, has a historical fecal coliform violation rate of 21%.

Scenario 2 for Rock Island Creek shows that with removal of all anthropogenic sources, 

violations of the instantaneous standard will occur 2.74% of the time, with 0.00% 

violations of the geometric mean standard. Scenario 3 predicts that violations of the

instantaneous standard will remain above 10.5% with moderate reductions in land-based

5.2.2.7 Rock Island Creek 

Rock Island Creek is located in the northern portion of Buckingham County.  It flows 

north before its confluence with the Jam

h
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 direct loads from livestock.  Scenarios 

ore stringent restrictions upon land-based and direct loads and further 

onstrate the need for reductions of wildlife contributions.  Scenarios 6 through 8 

es of reductions to achieve a violation rate less than 10.5% of the 

instan s standard.  Scenario 12 shows the final allocation scenario for Rock Island 

Creek, which requires 100% reductions in all anthropogenic direct sources, 99% 

reductions in non-point anthropogenic loads, and 84% reduction in wildlife direct loads 

and land-based loads in order to obtain no violations of the standards. 

Table 5.7 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 35, Rock Island Creek.  

Percent Reduction in Loading from Existing Condition Percent Violations 

ent three alternativ

taneou

Scenari  
Number

Direct
Wildlife
Loads 

NPS
Forest/ 

Wetlands

Direct
Livestock 

Loads 

NPS
Agricultural 

Land

Direct
Human 
Loads 

NPS
Residential/
Commercial 

Land

Geometric 
Mean 
 > 126 

cfu/100ml

Single
Sample
 > 235 

cfu/100ml

o

1 0 0 0 0 0 0 33.33 20.57 
2 0 0 100 100 100 100 0.00 2.74 
3 0 0 90 50 100 50 8.33 12.43 
4 0 0 0 0 100 0 13.89 17.46 
5 0 0 100 0 100 0 11.11 17.00 
6 0 0 99 68.5 100 68.5 0.00 10.33 
7 0 0 69 69 100 69 0.00 10.24 
8 0 0 0 94 100 0 0 10.42 
9 0 0 100 80 100 80 5.56 9.32 

10 0 0 100 99 100 99 0.00 6.58 
11 80 80 100 99 100 99 0.00 0.27 
12 84 84 100 99 100 99 0.00 0.00

5.2.2.8 Ballinger Creek 

Ballinger Creek is located in the southern tip of Albemarle County and flows south 

befo onfluence with the James River.  The impaired section stretches from the 

headwaters to the confluence at the James River (9.82 stream miles).  The watershed is 

72% forest with 22% pasture and 2% in cropland.   

Total fecal coliform production per year in the watershed was modeled as 6.93E+14, with 

a fecal coliform density of 6.20E+10 cfu/acre.  Major sources of fecal coliform bacteria 

re its c
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include beef cattle (39%), horse (21%) and raccoon (10%).  The total wildlife 

contribution to the fecal coliform load is estimated as 23%.  The long term

monitoring station, 2-BLR003.00, has a historical fecal coliform violation rate of 35%.  

Scenario 2 for Ballinger Creek shows that with removal of all anthropogenic sources, 

violations of the instantaneous standard will occur 0.91% of the time, with 0.00% 

violations of the geometric mean standard.  Scenario 3 predicts that violations of the 

instantaneous standard will remain just above the 10.5% instantaneous standard violation 

rate with moderate reductions in land-based anthropogenic sources, and a reduction of 

100% of direct loads from livestock.  Scenarios 4, 5 and 6 explore more stringent 

restrictions upon land-based and direct loads and further demonstrate the need for 

reductions of wildlife contributions.  Scenarios 7 through 9 represent three alte

reductions to achieve a violation rate less than 10.5% of the instantaneous standard.  

Scenario 12 shows the final allocation scenario for Ballinger Creek, which requires 100% 

reductions in all anthropogenic direct sources, 99% reductions in non-point 

anthropogenic loads and 51% reduction in wildlife direct loads and land-based loads in 

order to obtain no violations of the standards.  

Table 5.8 Allocation scenarios for bacterial concentration with current loading 
estimates in subwatershed 38, Ballinger Creek.  

Percent Reduction in Loading from Existing Condition Percent Violations 

 VADEQ 

rnatives of 

Scenario 
Number

Direct
Wildlife
Loads 

NPS
Forest/ 

Wetlands

Direct
Livestock 

Loads 

NPS
Agricultural 

Land

Direct
Human 
Loads 

NPS
Residential/
Commercial 

Land

Geome
Mea
 > 126

cfu/100ml

Single
Sample
 > 235 

cfu/100ml

tric 
n

1 0 0 0 0 0 0 36.1 21.57 1
2 0 0 100 100 100 100 0.00 0.91 
3 0 0 90 50 100 50 5.56 11.79 
4 0 0 0 0 100 0 22.2 19.74 2
5 0 0 100 0 100 0 22.2 19.2 2
6 0 0 100 50 100 50 8.33 11.7 
7 0 0 99 52 100 52 2.78 10.42 
8 0 0 53.2 53.2 100 53.2 2.78 10.33 
9 0 0 0 75 100 0 0.00 7.4

10 0 0 100 60 100 60 5.56 9.14 
11 50 50 100 99 100 99 0.00 0.18 
12 51 51 100 99 100 99 0.00 0.00
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.2.2 Totier Creek 

Totier Creek is located in the southern tip of Albemarle County and flows south before its 

conf  James River.  The impaired section stretches from the headwaters to 

the confluence at the James River (11.29 stream miles).  The watershed is 56% forest 

with 35% pasture and 3% in cropland.

Total fecal coliform production per year in the watershed was modeled as 1.21E+15, with 

a fecal coliform density of 6.25E+10 cfu/acre.  Major sources of fecal coliform bacteria 

include horse (32%) beef cattle (21%) and raccoon (10%).  The total wildlife contribution 

to the fecal coliform load is estimated as 23%.  The long term VADEQ monitoring 

station, 2-TOT002.61, has a historical fecal coliform violation rate of 25%.   

Scenario 2 for Totier Creek shows that with removal of all anthropogenic sources, 

viola f the instantaneous standard will occur 0.90% of the time, with 0.00% 

violations of the geometric mean standard.  Scenario 3 predicts that the violation rate will 

rema standard with moderate reductions in land-

based anthropogenic sources, and a reduction of 90% of direct loads from livestock.  

Scenarios 4, 5, 6 and 7 explore more stringent restrictions upon land-based and direct 

loads and further demonstrate the need for reductions of wildlife contributions.  Scenarios 

8 through 10 represent three alternatives of reductions to achieve an approximate 10.5% 

violation rate of the instantaneous standard.  Scenario 12 shows the final allocation 

scenario for Ballinger Creek, which requires 100% reductions in all anthropogenic direct 

sources, 99% reductions in non-point anthropogenic loads and 1% reduction in wildlife 

direct loads and land-based loads in order to obtain no violations of the standards.

.9

luence with the

tions o

in above the 10.5% of the instantaneous 
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Allocation scenarios for bacterial concentration with current loading 
estimates in model segment 39, Totier Creek. 

Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential/
Commercial

Land

Geome
Mea
 > 126

cfu/100ml

Single
Sample
 > 235

cfu/100ml

tric
n

1 0 0 0 0 0 0 50 26.14
2 0 0 100 100 100 100 0.00 0.09
3 0 0 90 50 100 50 22.2 15.542
4 0 0 0 0 100 0 38.8 24.779
5 0 0 100 0 100 0 36.1 24.591
6 0 0 100 40 100 40 22.2 17.182
7 0 0 100 65 100 65 11.1 11.71
8 0 0 99 70 100 70 8.33 10.42
9 0 0 70.5 70.5 100 70.5 8.33 10.33

10 0 0 0 80 100 0 19.44 10.42
11 0 0 100 99 100 99 0.00 0.09
12 1 1 100 99 100 99 0.00 0.00

Figures 5.1 through 5.9 show the monthly instantaneous values for existing and allocated 

conditions for all impairments in the James River Tributaries in Albe

Buckingham Counties Study Area.  These graphs show allocated conditions

with existing conditions overlaid in gray.

marle and 

 in black, 
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ON 5-27

Figures 5.10 through 5.18 show the monthly geometric mean concentrations for existing 

and allocated conditions for all impairments in the James River Tributaries in Albemarle 

and Buckingham Counties Study Area.  These graphs show existing conditions in gray, 

with allocated conditions overlaid in black. The monthly geometric mean is calculated 

from E. coli concentration, predicted by the water quality model, and is 

grouped by calendar month. 

 the daily average 
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Tables 5.10 through 5.18 contain the existing and allocated loads for all the impairments

in the James River and Buckingham Counties Study Area, 

reported as total annual fecal coliform colony forming units (cfu) per year from both

nd land-based sourc ercent reduction needed to meet zero percent 

water quality st given in the fina of these table ble

the TMDL t gives the number of cfu of E. coli that c ach

n a given year, and still m isting water quality standards. Thes res

up into Waste Load Allocation (WLA), or the portion of fecal colif hat

 from permitted dis rces and Load A LA), or the p

liform that may com non-permitted n ources existi the

. Table 5.20 is kn e Daily TMDL e the daily T  is 

resented for the 99th percentile daily flow condition at the numeric water quality 

Table 5.10 Land-ba int oad reductions
in the nt for fina tion.

ce
Total Annual Loading 

under Existing Conditions

Total Annual Loading 

TMDL conditions
Percent

Reduction

Tributaries in Albemarle

direct a es. The p

violations of andards is l column s. Ta

5.19 is known as able, which an re

the stream i eet ex e figu

are broken orm t

may come charge sou llocation ( ortion of 

fecal co e from the on-point s ng in

watershed own as th table wher MDL

p

criterion of 235 cfu/100ml.

sed and Direct nonpo
Frisby Branch impairme

source fecal coliform l
l alloca

Sour
(cfu/yr)

under

(cfu/yr)
Land Based

Barren 1.66E+12

ccess 1.38E+10
ial

lands 2.14 +12 2.14E+12 0.0
Dir

Livestock 1
ildlife 8.58E+11 8.58E+11 0.0

1.66E+12 0.0
Forest 3.66E+13 3.66E+13 0.0
Livestock A 1.97E+12 99.3
Resident 4.23E+12 2.96E+10 99.3
Pasture 3.72E+14 2.60E+12 99.3
RowCrop 4.21E+11 2.95E+09 99.3
Wet E
ect
Human 4.12E+12 0.00E+00 100.0

7.34E+11 0.00E+00 00.0
W
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Table 5.11 Land-based and direct source fecal coliform load reductions in the 
Austin Creek impairment for final allocation.

Tota l Loadin
Total Annual Lo

Source under ond
)

ading
under

TM ions
P

R

l Annua g
Existing C

r
itions

(cfu/y
DL condit

(cfu/yr)

ercent
eduction

Land Based 
Barren 2.34E+12 
Forest 4.92E+13
Livestock A 4.90E+11 4.90E+09 99.0
Reside 12
Pasture 14
Cropland 8.88E+10 8.88E+08 99.0
Wetlands 7.91E+12 7.91E+11 90.0

Direct
     Human 12
     Livestock 2.09E+11 0.00E+00 100
     Wildlife 1.14E+12 5.70E+11 50.0

2.34E+11
4.92 +12

90.0
90.0E

ccess
ntial 2.25E+

1. 2E+
2.25E+10
1.72 +12

99.0
99.7 E 0

2.65E+ 0.00E+00 100.0
.0

Table 5.1 d and direct so coliform load re s in the 
Upper Slate River impairment for final allocation. 

Source
otal A ual Load
er Exi ing Cond

(cfu/yr)

otal ad
under

TMDL condition
(cfu/yr)

Percent
Reduction

2 Land-base urce fecal duction

ing

s

T nn ing
T

und st itions

Ann l Loua

Land Based 
Barren 2.56E+13 2.56E+11 99.0
Commercial 4.00E+11 4.00 +09 99.0
Forest 7.96E+14 7.96E+12 99.0
Livestock Ac 5.85E+13 2.93E+11 99.5
Residential 8.10E+13 8.10E+11 99.0
Pasture 8 9E+15 4.40E+13 99.5
RowCr 15
Wetlands 7.63E+13 7.63E+11 99.0

Direct
Human/Pet 7.50E+13 0.00 +00
Livestock 2.24E+13 0.00E+00 100
Wildlife 2.10E+13 2.10 +11

E

cess

.7
op 2.88E+ 1.44E+13 99.5

100E .0
.0

E 99.0

ALLOCATION5-38



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table 5.13 Land-based and direct source fecal coliform load reductions in the 
Troublesome Creek impairment for final allocation. 

Tota
Source

l Loadi
under Cond

r)

Total Annual Loading 
under

TMD ions
P

R

l Annua ng
Existing itions

(cfu/y
L condit
(cfu/yr)

ercent
eduction

Land Based 
Barren 12
Commercial 2.14E+11 
Forest 13
Livesto 12
Residen 13
Pasture 14
RowCrop 1.23E+15 1.23E+13 99.0
Wetlands 2.51E+12 2.51E+12 0.0

Direct

0
1.73E+12 0.0

1.79E+ 1.79E+12 0.0
4.28E+10 80.0

5.28E+ 5.28E+13 0.0
ck Access
tia

4.49E+ 4.49E+10 99.0
l 1.63E+ 3.26E+12 80.0

7.45E+ 7.45E+12 99.0

Human/Pet 1.45E+13 0.00E+00 100.0
Livestock 1.73E+12 0.00E+00 100.

ildlife 1.73E+12W

Table 5.14 Land-based and direct source fecal coliform load reductions in the 
North River impairment for final allocation.

Source
Total Annual Loading 

under Existing Conditions
(cfu/yr)

Total Annual Loading 
under

TMDL conditions
(cfu/yr)

Percent
Reduction

Land Based 
Barren 9.04E+12 2.71E+11 97.0
Forest 2.48E+14 7.44E+12 97.0
Livestock Access 2.03E+13 1.02E+11 99.5
Residential 1.64E+13 8.20E+10 99.5
Pasture 3.84E+15 1.92E+13 99.5
RowCrop 1.74E+12 8.70E+09 99.5
Wetlands 3.16E+13 9.48E+11 97.0

Direct
Human 1.69E+13 0.00E+00 100.0
Livestock 7.78E+12 0.00E+00 100.0
Wildlife 6.57E+12 1.97E+11 97.0
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Table 5.15 Land-based and direct source fecal coliform load reductions in the 
Lower Slate River impairment for final allocation.

Source
Total Annual Loading 

under Existing Conditions
(cfu/yr)

Total Annual Loading 
under

TMDL conditions
(cfu/yr)

Percent
Reduction

Land Based 
Barren 6.34E+13 2.54E+13 60.0
Commercial 9.43E+11 9.43E+09 99.0
Forest 1.76E+15 7.04E+14 60.0
Livestock Access 1.44E+14 1.44E+12 99.0
Residential 1.88E+14 1.88E+12 99.0
Pasture 1.41E+16 1.41E+14 99.0
RowCrop 3.71E+15 3.71E+13 99.0
Wetlands 1.26E+14 5.04E+13 60.0

Direct
Human 2.08E+14 0.00E+00 100.0
Livestock 5.34E+13 0.00E+00 100.0
Wildlife 4.56E+13 1.82E+13 60.0

Table 5.16 Land-based and direct source fecal coliform load reductions in the 
Rock Island Creek impairment for final allocation.

Source
Total Annual Loading 

under Existing Conditions
(cfu/yr)

Total Annual Loading 
under

TMDL conditions
(cfu/yr)

Percent
Reduction

Land Based 
Barren 5.00E+12 8.00E+11 84.0
Commercial 8.67E+08 8.67E+06 99.0
Forest 1.53E+14 2.45E+13 84.0
Livestock Access 6.75E+12 6.75E+10 99.0
Residential 1.90E+13 1.90E+11 99.0
Pasture 2.29E+14 2.29E+12 99.0
RowCrop 7.40E+11 7.40E+09 99.0
Wetlands 1.03E+13 1.65E+12 84.0

Direct
Human 1.63E+13 0.00E+00 100.0
Livestock 2.61E+12 0.00E+00 100.0
Wildlife 3.56E+12 5.70E+11 84.0
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Table 5.17 Land-based and direct source fecal coliform load reductions in the 

Total Annual Loading 

Ballinger Creek impairment for final allocation.

Source
Total Annual Loading 

under Existing Conditions
(cfu/yr)

under
TMDL conditions

(cfu/yr)

Percent
Reduction

Land Based
Barren
Commercial

7.59E+11 3.72E+11 51.0
3.05E+09 3.05E+07 99.0

Forest 1.08E+14 5.29E+13 51.0

Residential 2.06E+13 2.06E+11 99.0
Pasture 5.22E+14 5.22E+12 99.0

Dir

Livestock Access 1.46E+13 1.46E+11 99.0

RowCrop 2.82E+12 2.82E+10 99.0
Wetlands 3.53E+12 1.73E+12 51.0
ect
Human 1.37E+13 0.00E+00 100.0
Livestock 4.04E+12 0.00E+00 100.0
Wildlife 3.22E+12 1.58E+12 51.0

Table 5.18 Land-based and direct source fecal coliform load reductions in the 
Totier Creek impairment for final allocation.

Source
Total Annual Loading 

under Existing Conditions
(cfu/yr)

Total Annual Loading 
under

TMDL conditions
(cfu/yr)

Percent
Reduction

Land Based 
Barren 3.41E+12 3.38E+12 1.0
Commercial 3.67E+10 3.67E+08 99.0
Forest 1.59E+14 1.57E+14 1.0
Livestock Access 1.81E+13 1.81E+11 99.0
Residential 3.45E+13
Pasture 9.43E+14

3.45E+11 99.0
9.43E+12 99.0

RowCrop 5.83E+12 5.83E+10 99.0
13 1.26E+13 1.0

Direct
Wetlands 1.27E+

Human/Pet 1.92E+13 0.00E+00 100.0
Livestock 3.77E+12 0.00E+00 100.0
Wildlife 6.19E+12 6.13E+12 1.0
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Ta on at
the outlets of the James River Tributaries in Albemarle and 

es Study Area impairments.

Imp
)

ble 5.19 Average annual E. coli (cfu/year) modeled after TMDL allocati

Buckingham Counti

airment
TMDL

Standard
WLA

(cfu/year)
LA

(cfu/year) MOS TMDL
(cfu/year

Frisby Branch E. coli 2.15E+10 2.15E+12 2.17E+12
Future Growth 2.15E+10

Austin Creek E. coli 1.62E+10 1.63E+12 1.65E+12
Future Growth 1.62E+10

Slate River (upper) E. coli 4.22E+10 1.41E+13 1.41E+13

VA0087563 5.57E+09
VA0063291 8.70E+09

Future Growth 2.79E+10

North River E. coli 5.52E+10 5.57E+12 5.63E+12
Future Growth 5.52E+10

Troublesome Creek E. coli 5.23E+10 2.69E+12 2.74E+12
VA0063291 8.70E+09

Future Growth 4.36E+10

Slate River (lower) E. coli 3.19E+12 5.38E+13 5.70E+13
VA0063291 8.70E+09
VA0066460 5.22E+11
VA0087563 5.57E+09
VAG404041 6.96E+08
VAG404116 1.74E+09

1.74E+09
Im

pl
ic

it
VAG404166
VAG407204 8.70E+08
VAG407237  1.57E+09
VAG407251  7.83E+08

Future Growth  2.65E+12

Rock Island Creek E. coli 3.38E+10 3.38E+12 3.41E+12
Future Growth 3.38E+10

Ballinger Creek E. coli 5.75E+10 5.76E+12 5.82E+12
Future Growth 5.75E+10

Totier Creek E. coli 1.62E+11 1.75E+13 1.77E+13
Future Growth 1.62E+11
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Table River
y Area 

5.20 Daily maximum E. coli loads (cfu/day) for the James
Tributaries in Albemarle and Buckingham Counties Stud
impairments.

Impairment
TMDL

Standard
WLA1

(cfu/day)
LA

(cfu/day) MOS TMDL2

(cfu/day)
Frisby Branch E. coli 5.89E+07 2.15E+11 2.15E+11
Austin Creek E. coli 4.44E+07 3.23E+11 3.23E+11

Slate River (upper) E. coli 1.16E+08 5.88E+12 5.88E+12
North River E. coli 1.51E+08 1.71E+12 1.71E+12

Troublesome Creek E. coli 1.43E+08 3.08E+11 3.08E+11
Slate River (lower) E. coli 8.75E+09 1.17E+13 1.17E+13
Rock Island Creek E. coli 9.26E+07 1.12E+12 1.12E+12

Ballinger Creek E. coli 1.58E+08 7.73E+11 7.73E+11
Totier Creek E. coli 4.44E+08 1.90E+12 

Im
pl

ic
it

1.90E+12
1 The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the 
discharge meets the applicable numeric water quality criteria for bacteria at the end-of-pipe.

ition at the numeric water quality criterion
of 235 cfu/100ml.  The TMDL is variable depending on flow conditions.  The numeric water quality

o s

2 The TMDL is presented for the 99th percentile daily flow cond

criteri n will be used to assess progress toward TMDL goal
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6. TMDL IMPLEMENTATION AND REASONABLE ASSURANCE

Once a TMDL has been approved by EPA, measures must be taken to reduce pollution 

levels from both point and nonpoint sources.  The following sections outline the 

6.1 Continuing Planning Process and Water Quality Management

DEQ staff will also request that the SWCB adopt TMDL WLAs as part of the Water

Quality Management Planning Regulation (9VAC 25-720), except in those cases when

permit limitations are equivalent to numeric criteria contained in the Virginia Water

Quality Standards, such as in the case for bacteria.  This regulatory action is in 

accordance with §2.2-4006A.4.c and §2.2-4006B of the Code of Virginia.  SWCB actions 

relating to water quality management planning are described in the public participation

guidelines referenced above and can be found on DEQ’s web site under 

http://www.deq.state.va.us/tmdl/pdf/ppp.pdf

framework used in Virginia to provide reasonable assurance that the required pollutant 

reductions can be achieved.

Planning

As part of the Continuing Planning Process, DEQ staff will present both EPA-approved 

TMDLs and TMDL implementation plans to the State Water Control Board (SWCB) for 

inclusion in the appropriate Water Quality Management Plan (WQMP), in accordance

with the Clean Water Act’s Section 303(e) and Virginia’s Public Participation Guidelines

for Water Quality Management Planning.

6.2 Staged Implementation

In general, Virginia intends for the required control actions, including Best Management

Practices (BMPs), to be implemented in an iterative process that first addresses those 

sources with the largest impact on water quality.  The iterative implementation of 

pollution control actions in the watershed has several benefits:

1. It enables tracking of water quality improvements following implementation
through follow-up stream monitoring;
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2. I pro es a measure of quality control, given the uncertaintiet vid s inherent in 
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6.5 TMD odifications for New or Expanding DischaL M rgers

Permits issued f ed as

M T u s su ns a

requiremen lo cation LA), as per EPA regula c

wh prop d perm modification is af d by a DL W , perm TMD

sta st coordinate nsure t t new or anding harges meet this iremen

In 2005, DEQ issued guidance memorand 5-201 cribi e available option

should be followed under those circumstances, including public 

tion, nd coordination

between permit a ailable on

s : de inia aterguidance/

or facilities with wasteload allocations develop part of a

mptio

Total

ndaximum Daily

ts of th

Load (

ese waste

MDL) m

ad allo

st be con

s (W

istent with the as

tions. In ases

ere a ose it fecte TM LA it and L

ff mu to e ha exp disc requ t.

um 0 1 des ng th s

and the process that
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§306 of Clean Water Act, and cost effective and reasonable BMPs for nonpoint source

tional information on UAAs is presented in section 7.6, Attainability ocontrol. Addi f

Designated Uses. 

s is to reduce the bacteria loadings from controllable 

sources, excluding wildlife.  The S arios were g ith the same odel

setup as was use e TMDL all narios.

The oal of scenario ce the bacter s from controllable
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6.9). Tables 6. ght 6.18 det reductions r r meeting the Stage
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tage 1 scen enerated w m

d for th ocation sce
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Table 6.1 Bacteria reduction scenarios for Frisby Branch.
Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Forest/

Wetlands L Lo

Geometric

>
cfu

Single
Sample

100ml

Wildlife
Loads

NPS Direct
Livestock

oads

NPS
Agricultural

Land

Direct
Human

ads

NPS
Residential

Land

Mean
261

/100ml
 > 235

cfu/
1(a)1 0 0 99 54 100 54 2.78 10.24
1(b)1 0 0 53.5 53.5 100 53.5 5.56 10.42
1(c)1 0 0 0 55 100 0 5.56 10.33

2 0 0 100 .3 100 0.00 0.002 99 99.3
1Stag plementation scenario.
2Final TMDL

Table 6.2 reduction for Austin C
Reduction in xisting Co Percent Violations

e 1 im
allocation.

Bacteria scenarios reek.
Percent Loading from E ndition

Scenario Dir
Wildlife
Loa

S
Forest/

ands

Direc
Livestock

Load

S
gricultural

d

Direct
Human
Loads

Residential

Geometric
Mean
 > 126

cfu/100ml

Single
Sample
 > 235

cfu/100ml

Number
ect NP

ds Wetl

t NP

s Lan
A

NPS

Land

1(a)1 0 0 99 72 100 72 5.56 10.42
1(b)1 0 0 72.2 72.2 100 72.2 5.56 10.42
1(c)1 0 0 0 75 100 0 5.56 10.24

22 50 90 100 99 100 99 0.00 0.00
1Stage 1 implementation scenario.

Table 6.3 
Percent Redu s Percent Violations

2Final TMDL allocation.

Bacteria reduction scenarios for Upper Slate River. 
ction in Loading from Exi ting Condition

Scenario
Number

Direct
Wildlife

oads

NPS
Forest/

Wetlands

D
Livestoc

Loads
ultural

Land

Di
Human
Loads

Residential

om
M
 > 126

cfu/100m

Single
mple

 > 235
cfu/100ml

irect NPS
k Agric

rect NPS Ge etric
ean Sa

L Land
l

1(a)1 0 0 99 55 100 55 0.00 10.33
1(b)1 0 0 57 57 100 57 0.00 10.42
1(c)1 0 0 0 60 100 0 0.00 10.42

2 100 .5 100 99 0.00 0.0099 99 992

1Stag plem
2Fina MDL al

e 1 im
l T

entation scenario.
location.
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Table 6.4 Bacteria reduction scenarios for North River. 
Percent Reduction in Loading from Existing Condition Percent Violations

Scenar o D ect
life
ds

NPS
Forest/

Wetlands

Direct
Livestock

Loads

NPS
Agricultural

Land

Direct
Human
Loads

NPS
Residential

Land

Geometric
Mean
 > 126

S
Sam

>

i
Number

ir
Wild
Loa

cfu/100ml

ingle
ple

235
cfu/100ml

1(a)1 0 0 99 76 100 76 0.00 10.42
1(b)1 0 0 76 76 100 76 0.00 10.42
1(c)1 0 0 0 83 100 0 0.00 10.42

22 97 97 100 99.5 100 99.5 0.00 0.00
1Stag plementation scenario.
2Fina MDL allocation.

Table 6.5 eduction for Troublesome Creek. 
t Reduction in xisting Co Percent Violations

e 1 im
l T

Bacteria r scenarios
Percen Loading from E ndition

Scenario
Number

Dir
Wil
Loads

st/
Wetlands

Direc
Livestock

Loads

S
Agricultural

Land

Direct
Human
Loads

Residential
Land

Geometr
Mean
 > 126

cfu/100m

Single
Sample
 > 235

cfu/100ml

ect NPS
dlife Fore

t NP NPS ic

l
1(a)1 0 0 99 7.5 100 7.5 0.00 10.42
1(b)1 0 0 8 8 100 8 0.00 10.33
1(c)1 0 0 0 15 100 0 0.00 10.33

22 0 0 100 99 100 80 0.00 0.00
1Stage 1 implementation scenario.
Final TMDL allocation.

Percent Violations

2

Table 6.6 Bacteria reduction scenarios for Lower Slate River. 
Percent Reduction in Loading from Existing Condition

Scenario
Number

Direct

Loads

NPS
Forest/

Wetlands
Liv

Loads
al

Land
Hu
Loads

ometric
Mean
 > 126

cfu/100ml

Single
Sample
 > 235

cfu/100ml

Wildlife
Direct

estock
NPS

Agricultur
Direct

man
NPS

Residential

Ge

Land

1(a)1 0 0 99 39.5 100 39.5 0.00 10.33
1(b)1 0 0 40 40 100 40 0.00 10.33
1(c)1 0 0 0 45 100 0 0.00 10.24

2 60 0 100 100 99 0.00 0.002 6 99
1Stag p .
2Fina MDL al

e 1 im lementation scenario
l T location.
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Table 6.7 Bacteria reduction scenarios for Rock Island Creek. 
Percent Reduction in Loading from Existing Condition Percent Violations

Scenario
Number

Direct
Wildlife
Loads

Forest/
Wetlands L Lo

Geometric

>
cfu

Single
Sample

100ml

NPS Direct
Livestock

oads

NPS
Agricultural

Land

Direct
Human

ads

NPS
Residential

Land

Mean
261

/100ml
 > 235

cfu/
1(a)1 0 0 99 68.5 100 68.5 0.00 10.33
1(b)1 0 0 69 69 100 69 0.00 10.24
1(c)1 0 0 0 94 100 0 0 10.42

2 100 100 99 0.00 0.002 84 84 99
1Stag plementation scenario.
2Fina MDL allocation.

Table 6.8 allinger
Reduction in xisting Co Percent Violations

e 1 im
l T

Bacteria reduction scenarios for B Creek.
Percent Loading from E ndition

Scenario Dir
Wildlife
Loa

S
Forest/

ands

Direc
Livestock

Load

S
gricultural

d

Direct
Human
Loads

Residential

Geometri
Mean
 > 126

cfu/100

Single
Sample
 > 235

cfu/100ml

Number
ect NP

ds Wetl

t NP

s Lan
A

NPS

Land

c

ml
1(a)1 0 0 99 52 100 52 2.78 10.42
1(b)1 0 0 53.2 53.2 100 53.2 2.78 10.33
1(c)1 0 0 0 75 100 0 0.00 7.4

22 51 51 100 99 100 99 0.00 0.00
1Stage 1 implementation scenario.

Table 6.9 
Percent Redu s Percent Violations

2Final TMDL allocation.

Bacteria reduction scenarios for Totier Creek. 
ction in Loading from Exi ting Condition

Scenario
Number Wildlife

oads

NPS
Forest/

Wetlands

D
Livestoc

Loads
ultural

Land

Di
Human
Loads

tial

om
M
 > 126

cfu/100m

Single
mple

 > 235
cfu/100ml

Direct

L

irect NPS
k Agric

rect NPS Ge

Residen
Land

etric
ean Sa

l
1(a)1 0 0 99 70 100 70 8.33 10.42
1(b)1 0 0 70.5 70.5 100 70.5 8.33 10.33
1(c)1 0 0 0 80 100 0 19.44 10.42

2 100 100 0.00 0.002 1 1 99 99
1Stag plem
2Fina MDL al

e 1 im
l T

entation scenario.
location.
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Table 6.10 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Frisby Branch watershed for existing conditions and for 
the Stage 1 implementation management scenario.

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

Barren 1.66E+12 1.66E+12 0
Forest 3.66E+13 3.66E+13 0

Lives cess 53.5

R

Direct

Hu an 4.12 +12 0.00 +00 100

tock Ac 1.97E+12 9.16E+11
Residential 4.23E+12 1.97E+12 53.5

Pasture 3.72E+14 1.73E+14 53.5
owCrop 4.21E+11 1.96E+11 53.5

Wetlands 2.14E+12 2.14E+12 0

m E E

Wildlife 7.34E+11 7.34E+11 0

Livestock 8.58E+11 3.99E+11 53.5
*Sce o 1(b) fro 1.

Fecal coliform land-based loads deposited on all land uses and direct 
ting conditions and for 

agement scenario.

nari m Table 6.

Table 6.11 
loads in the Austin Creek watershed for exis
the Stage 1 implementation man

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

 Barren 2.34E+12 2.34E+12 0
 Forest 4.92E+13 4.92E+13 0
 Livestock Access 4.90E+11 1.36E+11
 Residential 2.25E+12 6.26E+11 72.2
 Pasture 1.72E+14 4.78E+13 72.2
 RowCrop 8.88E+10 2.47E+10 72.2
 Wetlands 7.91E+12 7.91E+12 0

Direct

 Human 2.65E+12

 Wildlife 2.09E+11 0.00E+00 

Livestock 1.14E+12

72.2

0.00E+00 100
100

3.17E+11 72.2
*Scenario 1(b) from Table 6.2.
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Table 6.12 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Upper Slate River watershed for existing conditions and 
for the Stage 1 implementation management scenario. 

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

 Barren 2.56E+13 2.56E+11 0
 Commercial 4.00E+11 1.72E+11 57
 Forest 7.96E+14 7.96E+14 0
 Livestock Access 5.85E+13 2.52E+13 57
 Residential 8.10E+13 3.48E+13 57
 Pasture 8.79E+15 3.78E+15 57
 RowCrop 2.88E+15 1.24E+15 57

Wetlands 7.63E+13 7.63E+11 0

Direct
 Human 7.50E+13 0.00E+00 100

 Wildlife 2.24E+13 0.00E+00 100

Livestock 2.10E+13 9.03E+12 57
*Scenario 1(b) from Table 6.3.

Table 6.13 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Troublesome Creek watershed for existing conditions and
for the Stage 1 implem

Total Annual Loading 

entation management scenario. 
Total Annual Loading 

Percent
Source for Existing Run 

(cfu/yr)
for Stage 1 Run

(cfu/yr) Reduction*

Land Based

 Barren 1.79E+12 1.79E+12 0
 Commercial 2.14E+11 1.97E+11 8
 Forest 5.28E+13 5.28E+13 0
 Livestock Access 4.49E+12 4.13E+12 8
 Residential 1.63E+13
 Pasture 7.45E+14

1.50E+13 8
6.85E+14 8

1.23E+15 1.13E+15 8
2.51E+12 2.51E+12 0

 RowCrop 
Wetlands

Direct
 Human 1.45E+13 0.00E+00 100

 Wildlife 1.73E+12 0.00E+00 100

Livestock 1.73E+12 1.59E+12 8
*Scenario 1(b) from Table 6.5.
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Table 6.14 Fecal coliform land-based loa
loads in the North River wate

ds deposited on all land uses and direct 
rshed for existing conditions and for the 

Stage 1 implementation management scenario. 
ading Total Annual Loading 

Percent
Source for Existing Run 

(cfu/yr)
for Stage 1 Run

(cfu/yr) Reduction*

Total Annual Lo

Land Based

 Barren 9.04E+12 9.04E+12 0

 Wildlife 7.78E+12 0.00E+00 100

 Forest 2.48E+14 2.48E+14 0
 Livestock Access 2.03E+13 4.87E+12 76
 Residential 1.64E+13 3.94E+12 76
 Pasture 3.84E+15 9.22E+14 76
 RowCrop 1.74E+12 4.18E+11 76
 Wetlands 3.16E+13 3.16E+13 0

Direct
 Human 1.69E+13 0.00E+00 100

Livestock 6.57E+12 1.58E+12 76
*Scenario 1(b) from Table 6.4.

(cfu/yr)

g

(cfu/yr)

Percent
Reduction*

Table 6.15 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Lower Slate River watershed for existing conditions and 
for the Stage 1 implementation management scenario. 

Source
Total Annual Loading 

for Existing Run 
Total Annual Loadin

for Stage 1 Run

Land Based

 Barren 6.34E+13 6.34E+13 0
Commercial 9.43E+11 5.66E+11 40

Forest 1.76E+15 1.76E+15 0

Wetlands 1.26E+14 1.26E+14 0

2.74E+13 40

 Livestock Access 1.44E+14 8.64E+13 40
 Residential 1.88E+14 1.13E+14 40
 Pasture 1.41E+16 8.46E+15 40
 RowCrop 3.71E+15 2.23E+15 40

Direct
Human 2.08E+14 0.00E+00 100

Livestock 5.34E+13 0.00E+00 100
Wildlife 4.56E+13

*Scenario 1(b) from Table 6.6.
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Table 6.16 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Rock Island Creek watershed for existing
for the Stage 1 implementation management scenario.

conditions and

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

 Barren 5.00E+12 5.00E+12 0
 Commercial 8.67E+08 2.69E+08 69
 Forest 1.53E+14 1.53E+14 0
 Livestock Access 6.75E+12 2.09E+12 69

5.89E+12 69
7.10E+13 69

Human 1.63E+13 0.00E+00 100

 Residential 1.90E+13
 Pasture 2.29E+14
 RowCrop 7.40E+11 2.29E+11 69

Wetlands 1.03E+13 1.03E+13 0

Direct

Livestock 2.61E+12 0.00E+00 100
Wildlife 3.56E+12 1.10E+12 69

*Scenario 1(b) from Table 6.7.

Table 6.17 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Ballinger Creek watershed for existing conditions and for
the Stage 1 implementation management scenario. 

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

 Barren 7.59E+11 7.59E+11 0
 Commercial 3.05E+09 1.43E+09 53.2
 Forest 1.08E+14 1.08E+14 0

Livestock Access 1.46E+13 6.83E+12 53.2
 Residential 2.06E+13 9.64E+12 53.2
 Pasture 5.22E+14 2.44E+14 53.2
 RowCrop 2.82E+12 1.32E+12 53.2

Wetlands 3.53E+12 3.53E+12 0

Direct
Human 1.37E+13 0.00E+00 100

Livestock 4.04E+12 0.00E+00 100
Wildlife 3.22E+12 1.51E+12 53.2

*Scenario 1(b) from Table 6.8.
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Table 6.18 Fecal coliform land-based loads deposited on all land uses and direct 
loads in the Totier Creek watershed for existing condit
Stage 1 implementation management scenario. 

ions and for the

Source
Total Annual Loading 

for Existing Run 
(cfu/yr)

Total Annual Loading 
for Stage 1 Run

(cfu/yr)

Percent
Reduction*

Land Based

 Barren 3.41E+12 3.41E+12 0
 Commercial 3.67E+10 1.08E+10 70.5
 Forest 1.59E+14 1.59E+14 0
 Livestock Access 1.81E+13 5.34E+12 70.5
 Residential 3.45E+13 1.02E+13 70.5
 Pasture 9.43E+14 2.78E+14 70.5
 RowCrop 5.83E+12 1.72E+12 70.5

Wetlands 1.27E+13 1.27E+13 0

Direct
Human 1.92E+13 0.00E+00 100

Livestock 3.77E+12 0.00E+00 100
Wildlife 6.19E+12 1.83E+12 70.5

*Scenario 1(b) from Table 6.9.

6.7 Link to Ongoing Restoration Efforts 

Implementation of this TMDL will contribute to on-going water quality improvement

efforts aimed at restoring water quality in the Chesapeake Bay.  The BMPs required for 

the implementation of the bacteria allocations in these watersheds contributes directly to 

the sediment reduction goals set as part of the Chesapeake Bay restoration effort. Several 

BMPs known to be effective in controlling bacteria have also been identified for 

implementation as part of the Commonwealth of Virginia James River Basin Tributary 

Strategy. For example, stream protection with fencing and rotational grazing are among

the BMPs discussed as part of the strategy.  Up-to-date information on the tributary 

strategy implementation process can be found at the Virginia tributary strategy web site 

under the James River Tributary Strategy link: 

http://www.snr.state.va.us/Initiatives/WaterQuality/.
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6.8 Implementation Funding Sources 

The implementation on pollutant reductions from non-regulated nonpoint sources relies 

heavily on incentive-based programs.  Therefore, the identification of funding sources for 

non-regulated implementation activities is a key to success. Cooperating agencies, 

organizations and stakeholders must identify potential funding sources available for 

implementation during the development of the implementation plan in accordance with

the “Virginia Guidance Manual for Total Maximum Daily Load Implementation Plans”. 

The TMDL Implementation Plan Guidance Manual contains information on a variety of 

funding sources, as well as government agencies that might support implementation

efforts and suggestions for integrating TMDL implementation with other watershed 

planning efforts.

Some of the major potential sources of funding for non-regulated implementation actions 

may include the U.S. Department of Agriculture’s Conservation Reserve Enhancement

and Environmental Quality Incentive Programs, EPA Section 319 funds, the Virginia

State Revolving Loan Program (also available for permitted activities), Virginia

Agricultural Best Management Practices Cost-Share Programs, the Virginia Water

Quality Improvement Fund (available for both point and nonpoint source pollution), tax 

credits and landowner contributions.

With additional appropriations for the Water Quality Improvement Fund during the last 

two legislative sessions, the Fund has become a significant funding stream for

agricultural BMPs and wastewater treatment plants.  Additionally, funding is being made

available to address urban and residential water quality problems.  Information on WQIF 

projects and allocations can be found at http://www.deq.virginia.gov/bay/wqif.html and 

at http://www.dcr.virginia.gov/sw/wqia.htm . 

6.9 Follow-Up Monitoring

VADEQ will continue to monitor bacteria in the impaired streams at the TMDL listing 

stations (2-TOT002.61, 2-BLR003.00, 2-RKI003.40, 2-FRY000.35, 2-FRY003.00, 2-

AUS001.12, 2-NTH001.65, 2-NTH003.88, 2-TBM000.80, 2-SLT024.72, 2-SLT030.19 

and 2-SLT003.88) according to its ambient monitoring program.  When an 
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Implementation Plan is developed for these streams and implementation of that plan 

 is not an existing use, and that downstream uses are protected. 

Such uses will be attained by implementing effluent limits required under §301b and 

tion prevents the attainment of the use; 

 in such a way that would result in the attainment of the use; 

. Physical conditions related to natural features of the water body, such as the lack of 

proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality,

preclude attainment of aquatic life use protection; or 

begins, DEQ will increase the frequency of monitoring at these sites to assess water 

quality progress as BMPs are implemented.

6.10 Attainability of Designated Uses 

In some streams for which TMDLs have been developed, factors may prevent the stream

from attaining its designated use. 

In order for a stream to be assigned a new designated use, or a subcategory of a use, the 

current designated use must be removed. To remove a designated use, the state must 

demonstrate that the use

§306 of Clean Water Act and by implementing cost-effective and reasonable best 

management practices for nonpoint source control (9 VAC 25-260-10 paragraph I). 

The state must also demonstrate that attaining the designated use is not feasible because:

1. Naturally occurring pollutant concentra

2. Natural, ephemeral, intermittent or low flow conditions prevent the attainment of the 

use unless these conditions may be compensated for by the discharge of sufficient 

volume of effluent discharges without violating state water conservation 

3. Human-caused conditions or sources of pollution prevent the attainment of the use and 

cannot be remedied or would cause more environmental damage to correct than to leave 

in place 

4. Dams, diversions or other types of hydrologic modifications preclude the attainment of 

the use, and it is not feasible to restore the waterbody to its original condition or to 

operate the modification

5
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6. Controls more stringent than those required by §301b and §306 of the Clean Water Ac

substantial and widespread economic and social impact.

t

would result in

This and other in through a special study called a UAA.  All site-

specific criteria or designated use changes must be adopted by the SWC

to the water quality standards regulations. During the regulatory process, watershed 

stakeholders and o zens, as well as the EPA, will be able to provide

co ring this onal information can be obtained at 

http://www.deq.virgin df/WQS05A_1.pdf

formation is collected

B as amendments

ther interested citi

mment du process. Additi

ia.gov/wqs/p

The process to address potentially unattainable reductions based on the above is as 

follows:

As a first step ted at the controllable, anthropogenic sources identified in 

ould be for the reductions of all controllable sources to the maximum extent practicable 

des an opportunity

for aggrieved parties in the TMDL process to present to the State Water Control Board

reasonable grounds indicating that the attainment of the designated use for a water is not 

feasible.  The Board may then allow the aggrieved party to conduct a use attainability 

analysis according to the criteria listed above and a schedule established by the Board. 

, measures targe

the TMDL’s staged implementation scenarios will be implemented. The expectation

w

using the implementation approaches described above. DEQ will continue to monitor

biological health and water quality in the stream during and subsequent to the

implementation of these measures to determine if water quality standard is attained. This

effort will also help to evaluate if the modeling assumptions were correct. In the best-case

scenario, water quality goals will be met and the stream’s uses fully restored using 

effluent controls and BMPs. If, however, water quality standards are not being met, and 

no additional effluent controls and BMPs can be identified, a UAA would then be 

initiated with the goal of re-designating the stream for a more appropriate use or

subcategory of a use. 

A 2006 amendment to the Code of Virginia under 62.1-44.19:7E. provi
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The amendment further states that “If applicable, the schedule shall also address whether 

TMDL development or implementation for the water shall be delayed.” 
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7. PUBLIC PARTICIPATION

The development of the James River Tributaries in Albemarle and Buckingham Counties 

participation throughout the project.  The Local Steering Committee (LSC) meeting took 

VA ter

Fr ency

representatives and county and locality staff were invited to the TAC meeting through a 

Bu

sta our agency

the Farmville newspaper ailing notices to, all agencies and placing signs on the road 

right-of-way in the impaired watersheds. 

Th Peter

Francisco Soil and Water District Office near Buckingham, Virginia.  All agency 

mailed letter or e-mail.  The final public meeting was held at the Scottsville Town 

ailing notices to,

Si

Ri arle County representative 

TMDLs greatly benefited from public involvement.  Table 7.1 details the public

place on June 21, 2006 at the Scottsville Town Council Chambers in Scottsville, Virginia 

with 18 persons in attendance.  The meeting brought together representatives from

DCR, VADEQ, VDH, the Rivanna Service Authority, the Thomas Jefferson and Pe

ancisco Soil and Water Conservation Districts and MapTech, Inc. All ag

mailed letter or e-mail.

The first public meeting was held at the Buckingham County Administration Building in 

ckingham, Virginia on August 10, 2006; 20 people attended, including 13 local 

keholders, one consultant, two Albemarle County representatives and f

representatives.  The meeting was publicized by placing notices in the Virginia Register,

, m

e second Local Steering Committee meeting took place on April 30, 2007 at the

representatives and county and locality staff were invited to the LSC meeting through a 

Council Chambers in Scottsville, Virginia on May 10, 2007.  The meeting was publicized

by placing notices in the Virginia Register, the Farmville newspaper, m

all agencies and placing signs on the road right-of-way in the impaired watersheds.

xteen people attended including four agency representatives, one consultant, one 

vanna Water and Sewer Authority representative, one Albem

and nine stakeholders. 
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Table 7.1 Public participation during TMDL development for the James River 
Tributaries in Albemarle and Buckingham Counties watersheds.

Date Location Attendance1 Type Format

6/21/2006 Chambers

Scottsville, VA 

18 LSR meeting
Publicized to 

government agencies 

Scottsville Town Council

8/10/2006 Administration Building

Buckingham, VA 

20 1

Buckingham County 
Open to public atst public

large

4/30/2007

Peter Francisco Soil and Water
District Office

10 LSR meeting
Publicized to 

Buckingham, VA 
government agencies 

5/10/200

Scottsville Town Council
Chambers nd Open to public at

7
Scottsville, VA 

16 2  public
large

1The number of attendants is estimated from sign up sheets provided at each meeting.  These numbers are known to underestimate the

Pu

for lic meetings.  Public 

participation is critical to promote reasonable assurances that the implementation

activities will occur.  A stakeholders’ committee will have the express purpose of 

formulating the TMDL Implementation Plan.  The major stakeholders were identified

during the development of this TMDL.  The committee will consist of, but not be limited

to, representatives from DMME, VADEQ, VADCR, and local governments.  This 

committee will have the responsibility for identifying corrective actions that are founded 

in practicality, establishing a time line to insure expeditious implementation, and setting 

measurable goals and milestones for attaining water quality standards. 

actual attendance. 

blic participation during the implementation plan development process will include the 

mation of a stakeholders’ committee as well as open pub
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GLOSSARY

Note: All entries in italics are taken from USEPA (1998). 

303(d).  A section of the Clean Water Act of 1972 requiring states to identify and list 
water bodies that do not meet the states’ water quality standards.

t or point) or to natural background sources. 
(A waste load allocation [WLA] is that portion of the loading capacity allocated to an 

timates of the loading, which can range from reasonably accurate estimates to 
gross allotments, depending on the availability of data and appropriate techniques for 

ater quality. Natural concentration of water quality constituents prior to 

not cause

he
aquatic ecosystem is an ecological unit that includes the physical characteristics (such as 

as dissolved solids, dissolved oxygen, and 
nutrients. Both living and nonliving components of the aquatic ecosystem interact and 

weathering or
dissolution.

d microorganisms. Bacteria of the coliform group are considered 
the primary indicators of fecal contamination and are often used to assess water quality. 

Allocations. That portion of a receiving water's loading capacity attributed to one of its 
existing or future pollution sources (nonpoin

existing or future point source, and a load allocation [LA] is that portion allocated to an 
existing or future nonpoint source or to natural background levels. Load allocations are 
best es

predicting loading.)

Ambient w
mixing of either point or nonpoint source load of contaminants. Reference ambient
concentration is used to indicate the concentration of a chemical that will
adverse impact on human health. 

Anthropogenic. Pertains to the [environmental] influence of human activities.

Antidegradation Policies. Policies that are part of each states water quality standards. 
These policies are designed to protect water quality and provide a method of assessing 
activities that might affect the integrity of waterbodies.

Aquatic ecosystem. Complex of biotic and abiotic components of natural waters. T

flow or velocity and depth), the biological community of the water column and benthos, 
and the chemical characteristics such

influence the properties and status of each component. 

Assimilative capacity. The amount of contaminant load that can be discharged to a 
specific waterbody without exceeding water quality standards or criteria. Assimilative 
capacity is used to define the ability of a waterbody to naturally absorb and use a 
discharged substance without impairing water quality or harming aquatic life. 

Background levels. Levels representing the chemical, physical, and biological conditions
that would result from natural geomorphological processes such as

Bacteria. Single-celle

GLOSSARY G-1



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties

Bacterial decomposition. Breakdown by oxidation, or decay, of organic matter by
heterotrophic bacteria. Bacteria use the organic carbon in organic matter as the energy 
source for cell synthesis.

at the bottom of an aquatic ecosystem. It 

Best management practices (BMPs). Methods, measures, or practices determined to be
reasonable and cost-effective means for a landowner to meet certain, generally nonpoint 
source, pollution control needs. BMPs include structural and nonstructural controls and 
operation and maintenance procedures. 

pport and maintain a balanced,

t. A graphical representation of the mean, lower quartile, upper

of adjusting model parameters within physically defensible

frequency

Chloride. An atom of chlorine in solution; an ion bearing a single negative charge.

Bacterial source tracking (BST). A collection of scientific methods used to track 
sources of fecal contamination.

Benthic. Refers to material, especially sediment,
can be used to describe the organisms that live on, or in, the bottom of a waterbody. 

Benthic organisms. Organisms living in, or on, bottom substrates in aquatic ecosystems. 

Bioassessment. Evaluation of the condition of an ecosystem that uses biological surveys 
and other direct measurements of the resident biota. (2)

Biochemical Oxygen Demand (BOD). Represents the amount of oxygen consumed by 
bacteria as they break down organic matter in the water. 

Biological Integrity. A water body's ability to su
integrated adaptive assemblage of organisms with species composition, diversity, and 
functional organization comparable to that of similar natural, or non-impacted habitat.

Biometric. (Biological Metric) The study of biological phenomena by measurements and 
statistics.

Biosolids. Biologically treated solids originating from municipal wastewater treatment
plants.

Box and whisker plo
quartile, upper limit, lower limit, and outliers of a data set.

Calibration. The process
ranges until the resulting predictions give a best possible good fit to observed data. 

Cause. 1. That which produces an effect (a general definition). 
2. A stressor or set of stressors that occur at an intensity, duration and

of exposure that results in a change in the ecological condition (a SI-specific 
definition). 2

Channel. A natural stream that conveys water; a ditch or channel excavated for the flow
of water. 
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Clean Water Act (CWA). The Clean Water Act (formerly referred to as the Federal
Water Pollution Control Act or Federal Water Pollution Control Act Amendments of 
1972), Public Law 92-500, as amended by Public Law 96-483 and Public Law 97-117, 
33 U.S.C. 1251 et seq. The Clean Water Act (CWA) contains a number of provisions to 

), which establishes the TMDL program. 

Concentration-based limit. A limit based on the relative strength of a pollutant in a 

Concentration-response model. A quantitative (usually statistical) model of the 

or magnitude of a biological response. (2) 

Confluence. The point at which a river and its tributary flow together. 

pure; any indication of chemical, 
sediment, or biological impurities. 

intenance, process
changes, or other similar activities.

contaminants include suspended solids, coliform bacteria, high biochemical oxygen 

Conveyance. A measure of the of the water carrying capacity of a channel section. It is 

Cost-share program. A program that allocates project funds to pay a percentage of the 

Cross-sectional area. Wet area of a waterbody normal to the longitudinal component of 

itical condition can be thought of as the "worst case" scenario 

terion and has an
acceptably low frequency of occurrence.

restore and maintain the quality of the nation's water resources. One of these provisions 
is Section 303(d

Concentration. Amount of a substance or material in a given unit volume of solution;
usually measured in milligrams per liter (mg/L) or parts per million (ppm).

waste stream, usually expressed in milligrams per liter (mg/L).

relationship between the concentration of a chemical to which a population or community 
of organisms is exposed and the frequency

Conductivity. An indirect measure of the presence of dissolved substances within water.

Contamination. The act of polluting or making im

Continuous discharge. A discharge that occurs without interruption throughout the 
operating hours of a facility, except for infrequent shutdowns for ma

Conventional pollutants. As specified under the Clean Water Act, conventional

demand, pH, and oil and grease. 

directly proportional to the discharge in the channel section.

cost of constructing or implementing a best management practice. The remainder of the 
costs is paid by the producer(s).

the flow. 

Critical condition. The cr
of environmental conditions in the waterbody in which the loading expressed in the
TMDL for the pollutant of concern will continue to meet water quality standards. Critical 
conditions are the combination of environmental factors (e.g., flow, temperature, etc.)
that results in attaining and maintaining the water quality cri
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Decay. The gradual decrease in the amount of a given substance in a given system due to 
various sink processes including chemical and biological transformation, dissipation to 
other environmental media, or deposition into storage areas.

Decomposition. Metabolic breakdown of organic materials; the formation of by-products 
of decomposition releases energy and simple organic and inorganic compounds. See also
Respiration.

tate regulatory

achieving those limits. The permit process was established under the National Pollutant 
ater Act.

Dispersion. The spreading of chemical or biological constituents, including pollutants, in 
various directions at varying velocities depending on the differential in-stream flow 

unt of oxygen in water. DO is a measure of the amount
of oxygen available for biochemical activity in a waterbody.

e of approximately one tidal-
day or are completed within a 24-hour period and that recur every 24 hours.  Also, the 

er, consists of wastewater
discharged from residences and from commercial, institutional, and similar facilities. 

Designated uses. Those uses specified in water quality standards for each waterbody or 
segment whether or not they are being attained.

Dilution. The addition of some quantity of less-concentrated liquid (water) that results in 
a decrease in the original concentration. 

Direct runoff. Water that flows over the ground surface or through the ground directly 
into streams, rivers, and lakes.

Discharge. Flow of surface water in a stream or canal, or the outflow of groundwater 
from a flowing artesian well, ditch, or spring. Can also apply to discharge of liquid 
effluent from a facility or to chemical emissions into the air through designated venting 
mechanisms.

Discharge Monitoring Report (DMR). Report of effluent characteristics submitted by a
municipal or industrial facility that has been granted an NPDES discharge permit. 

Discharge permits (under NPDES). A permit issued by the EPA or a s
agency that sets specific limits on the type and amount of pollutants that a municipality 
or industry can discharge to a receiving water; it also includes a compliance schedule for

Discharge Elimination System, under provisions of the Federal Clean W

characteristics.

Dissolved Oxygen (DO). The amo

Diurnal. Actions or processes that have a period or a cycl

occurrence of an activity/process during the day rather than the night. 

DNA. Deoxyribonucleic acid. The genetic material of cells and some viruses.

Domestic wastewater. Also called sanitary wastewat
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Drainage basin. A part of a land area enclosed by a topographic divide from which
direct surface runoff from precipitation normally drains by gravity into a receiving 
water. Also referred to as a watershed, river basin, or hydrologic unit.

temporal variability.

ena and their variations over time.

Ecosystem. An interactive system that includes the organisms of a natural community 

Effluent. Municipal sewage or industrial liquid waste (untreated, partially treated, or

duction that is attainable based upon the performance of 

as best available technology economically 

environmental characteristic
chosen as the assessment endpoint. The numeric criteria that are part of traditional water

Dynamic model. A mathematical formulation describing and simulating the physical 
behavior of a system or a process and its

Dynamic simulation. Modeling of the behavior of physical, chemical, and/or biological 
phenom

Ecoregion. A region defined in part by its shared characteristics. These include
meteorological factors, elevation, plant and animal speciation, landscape position, and 
soils.

association together with their abiotic physical, chemical, and geochemical environment. 

completely treated) that flows out of a treatment plant, septic system, pipe, etc. 

Effluent guidelines. The national effluent guidelines and standards specify the 
achievable effluent pollutant re
treatment technologies employed within an industrial category. The National Effluent 
Guidelines Program was established with a phased approach whereby industry would 
first be required to meet interim limitations based on best practicable control technology 
currently available for existing sources (BPT). The second level of effluent limitations to 
be attained by industry was referred to 
achievable (BAT), which was established primarily for the control of toxic pollutants.

Effluent limitation. Restrictions established by a state or EPA on quantities, rates, and 
concentrations in pollutant discharges.

Endpoint. An endpoint (or indicator/target) is a characteristic of an ecosystem that may 
be affected by exposure to a stressor. Assessment endpoints and measurement endpoints
are two distinct types of endpoints commonly used by resource managers. An assessment 
endpoint is the formal expression of a valued environmental characteristic and should 
have societal relevance (an indicator). A measurement endpoint is the expression of an 
observed or measured response to a stress or disturbance. It is a measurable
environmental characteristic that is related to the valued

quality standards are good examples of measurement endpoints (targets).

Enhancement. In the context of restoration ecology, any improvement of a structural or 
functional attribute. 
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Erosion. The detachment and transport of soil particles by water and wind. Sediment
resulting from soil erosion represents the single largest source of nonpoint pollution in 
the United States.

utrients. Waters

from soil and water surfaces.

inetics, different

be absorbed by the soil and, hence, may be 

e mass per unit time. 

irectly with designated uses of

Eutrophication. The process of enrichment of water bodies by n
receiving excessive nutrients may become eutrophic, are often undesirable for recreation, 
and may not support normal fish populations.

Evapotranspiration. The combined effects of evaporation and transpiration on the water 
balance. Evaporation is water loss into the atmosphere
Transpiration is water loss into the atmosphere as part of the life cycle of plants. 

Fate of pollutants. Physical, chemical, and biological transformation in the nature and 
changes of the amount of a pollutant in an environmental system. Transformation
processes are pollutant-specific. Because they have comparable k
formulations for each pollutant are not required.

Fecal Coliform. Indicator organisms (organisms indicating presence of pathogens)
associated with the digestive tract.

Feedlot. A confined area for the controlled feeding of animals. Tends to concentrate 
large amounts of animal waste that cannot
carried to nearby streams or lakes by rainfall runoff.

Flux. Movement and transport of mass of any water quality constituent over a given
period of time. Units of mass flux ar

General Standard.  A narrative standard that ensures the general health of state waters. 
All state waters, including wetlands, shall be free from substances attributable to sewage,
industrial waste, or other waste in concentrations, amounts, or combinations which
contravene established standards or interfere directly or ind
such water or which are inimical or harmful to human, animal, plant, or aquatic life
(9VAC25-260-20). (4) 

Geometric mean. A measure of the central tendency of a data set that minimizes the 
effects of extreme values.

GIS. Geographic Information System. A system of hardware, software, data, people, 
organizations and institutional arrangements for collecting, storing, analyzing and 
disseminating information about areas of the earth. (Dueker and Kjerne, 1989) 

Ground water. The supply of fresh water found beneath the earths surface, usually in 

gricultural
aquifers, which supply wells and springs. Because ground water is a major source of 
drinking water, there is growing concern over contamination from leaching a
or industrial pollutants and leaking underground storage tanks.
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HSPF. Hydrological Simulation Program – Fortran. A computer simulation tool used to 
mathematically model nonpoint source pollution sources and movement of pollutants in a 
watershed.

Hydrograph. A graph showing variation of stage (depth) or discharge in a stream over a 
period of time. 

Hydrologic cycle. The circuit of water movement from the atmosphere to the earth and its 
return to the atmosphere through various stages or processes, such as precipitation, 
interception, runoff, infiltration, storage, evaporation, and transpiration. 

t can be used to evaluate the relationship between

se-effect

of a soil to allow water to infiltrate into or through it 

asurements of components or

Hydrology. The study of the distribution, properties, and effects of water on the earth's 
surface, in the soil and underlying rocks, and in the atmosphere. 

Impairment. A detrimental effect on the biological integrity of a water body that 
prevents attainment of the designated use. 

IMPLND. An impervious land segment in HSPF. It is used to model land covered by 
impervious materials, such as pavement.

Indicator. A measurable quantity tha
pollutant sources and their impact on water quality. 

Indicator organism. An organism used to indicate the potential presence of other 
(usually pathogenic) organisms. Indicator organisms are usually associated with the
other organisms, but are usually more easily sampled and measured. 

Indirect causation. The induction of effects through a series of cause-effect
relationships, so that the impaired resource may not even be exposed to the initial cause.

Indirect effects. Changes in a resource that are due to a series of cau
relationships rather than to direct exposure to a contaminant or other stressor.

Infiltration capacity. The capacity
during a storm. 

In situ. In place; in situ measurements consist of me
processes in a full-scale system or a field, rather than in a laboratory.

Interflow. Runoff that travels just below the surface of the soil.

Isolate. An inbreeding biological population that is isolated from similar populations by 
physical or other means.

Leachate. Water that collects contaminants as it trickles through wastes, pesticides, or 
fertilizers. Leaching can occur in farming areas, feedlots, and landfills and can result in 
hazardous substances entering surface water, ground water, or soil. 
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Limits (upper and lower). The lower limit equals the lower quartile – 1.5x(upper 
quartile – lower quartile), and the upper limit equals the upper quartile + 1.5x(upper 
quartile – lower quartile).  Values outside these limits are referred to as outliers.

Loading, Load, Loading rate. The total amount of material (pollutants) entering the 

f a receiving waters loading capacity attributed
either to one of its existing or future nonpoint sources of pollution or to natural 

iate techniques for predicting the loading. Wherever possible, natural 
and nonpoint source loads should be distinguished (40 CFR 130.2(g)). 

of loading a water can receive without
violating water quality standards. 

accounts for the
uncertainty about the relationship between the pollutant loads and the quality of the 

omponent of the

Mass loading. The quantity of a pollutant transported to a waterbody. 

aracteristic of a water 
body's biological integrity. The metric changes in some predictable way with changes in 

load of a
pollutant is typically reported in metric tons per year (t/yr).

Mitigation. Actions taken to avoid, reduce, or compensate for the effects of 

Model. Mathematical representation of hydrologic and water quality processes. Effects of 
land use, slope, soil characteristics, and management practices are included.

system from one or multiple sources; measured as a rate in weight per unit time. 

Load allocation (LA). The portion o

background sources. Load allocations are best estimates of the loading, which can range 
from reasonably accurate estimates to gross allotments, depending on the availability of
data and appropr

Loading capacity (LC). The greatest amount

Margin of safety (MOS). A required component of the TMDL that

receiving waterbody (CWA Section 303(d)(1)(C)). The MOS is normally incorporated
into the conservative assumptions used to develop TMDLs (generally within the
calculations or models) and approved by the EPA either individually or in state/EPA 
agreements. If the MOS needs to be larger than that which is allowed through the 
conservative assumptions, additional MOS can be added as a separate c
TMDL (in this case, quantitatively, a TMDL = LC = WLA + LA + MOS).

Mass balance. An equation that accounts for the flux of mass going into a defined area 
and the flux of mass leaving the defined area. The flux in must equal the flux out. 

Mean. The sum of the values in a data set divided by the number of values in the data set. 

Metrics. Indices or parameters used to measure some aspect or ch

water quality or habitat condition. 

Metric ton (Mg or t). A unit of mass equivalent to 1,000 kilograms. An annual

MGD. Million gallons per day. A unit of water flow, whether discharge or withdraw.

environmental damage. Among the broad spectrum of possible actions are those that 
restore, enhance, create, or replace damaged ecosystems.
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Monitoring. Periodic or continuous surveillance or testing to determine the level of 
compliance with statutory requirements and/or pollutant levels in various media or in 
humans, plants, and animals.

Mood’s Median Test. A nonparametric (distribution-free) test used to test the equality of
medians from two or more populations.

Narrative criteria. Nonquantitative guidelines that describe the desired water quality

uing, terminating, monitoring, and enforcing 
permits, and imposing and enforcing pretreatment requirements, under sections 307, 402, 

Natural waters. Flowing water within a physical system that has developed without 

nisms. Excessive amounts of 

over a relatively large

rn, which, if 
achieved, is expected to result in the attainment of water quality standards in the listed 
waterbody.

Numerical model. Model that approximates a solution of governing partial differential 
equations, which describe a natural process. The approximation uses a numerical
discretization of the space and time components of the system or process. 

life, including carbon, oxygen, nitrogen, 
phosphorus, and many others: as a pollutant, any element or compound, such as 
phosphorus or nitrogen, that in excessive amounts contributes to abnormally high growth 
of algae, reducing light and oxygen in aquatic ecosystems.

Organic matter. The organic fraction that includes plant and animal residue at various 
stages of decomposition, cells and tissues of soil organisms, and substances synthesized
by the soil population. Commonly determined as the amount of organic material 

e of a population.  Since it is based on the 
observations of the population, its value is almost always unknown.

goals.

National Pollutant Discharge Elimination System (NPDES). The national program for 
issuing, modifying, revoking and re-iss

318, and 405 of the Clean Water Act. 

human intervention, in which natural processes continue to take place. 

Nitrogen.  An essential nutrient to the growth of orga
nitrogen in water can contribute to abnormally high growth of algae, reducing light and 
oxygen in aquatic ecosystems.

Nonpoint source. Pollution that originates from multiple sources
area. Nonpoint sources can be divided into source activities related to either land or 
water use including failing septic tanks, improper animal-keeping practices, forest 
practices, and urban and rural runoff. 

Numeric targets. A measurable value determined for the pollutant of conce

Nutrient. An element or compound essential to 

contained in a soil or water sample. 

Parameter. A numerical descriptive measur
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Peak runoff. The highest value of the stage or discharge attained by a flood or storm 
event; also referred to as flood peak or peak discharge. 

PERLND. A pervious land segment in HSPF. It is used to model a particular land use 
segment within a subwatershed (e.g.,  pasture, urban land, or crop land). 

Permit. An authorization, license, or equivalent control document issued by the EPA or
an approved federal, state, or local agency to implement the requirements of an 
environmental regulation; e.g., a permit to operate a wastewater treatment plant or to 
operate a facility that may generate harmful emissions.

Permit Compliance System (PCS). Computerized management information system that 

nforcement status of NPDES facilities. 

best available data and
information recognizing the need for additional monitoring data to accurately 

lly employed when

Phosphorus. An essential nutrient to the growth of organisms. Excessive amounts of 

c ecosystems.

Pollutant. Dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage

ure, location, or
quantity produces undesired environmental effects. Under the Clean Water Act, for 

Postaudit. A subsequent examination and verification of a model's predictive

Privately owned treatment works. Any device or system that is (a) used to treat wastes
from any facility whose operator is not the operator of the treatment works and (b) not a 
publicly owned treatment works. 

contains data on NPDES permit-holding facilities. PCS keeps extensive records on more 
than 65,000 active water-discharge permits on sites located throughout the nation. PCS
tracks permit, compliance, and e

Phased/staged approach. Under the phased approach to TMDL development, load
allocations and waste load allocations are calculated using the

characterize sources and loadings. The phased approach is typica
nonpoint sources dominate. It provides for the implementation of load reduction 
strategies while collecting additional data. 

phosphorus in water can contribute to abnormally high growth of algae, reducing light 
and oxygen in aquati

Point source. Pollutant loads discharged at a specific location from pipes, outfalls, and 
conveyance channels from either municipal wastewater treatment plants or industrial 
waste treatment facilities. Point sources can also include pollutant loads contributed by 
tributaries to the main receiving water stream or river. 

sludge, munitions, chemical wastes, biological materials, radioactive materials, heat,
wrecked or discarded equipment, rock, sand, cellar dirt, and industrial, municipal, and 
agricultural waste discharged into water. (CWA section 502(6)).

Pollution. Generally, the presence of matter or energy whose nat

example, the term is defined as the man-made or man-induced alteration of the physical, 
biological, chemical, and radiological integrity of water.

performance following implementation of an environmental control program. 
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Public comment period. The time allowed for the public to express its views and 
concerns regarding action by the EPA or states (e.g., a Federal Register notice of a
proposed rule-making, a public notice of a draft permit, or a Notice of Intent to Deny).

works (POTW). Any device or system used in the treatment
(including recycling and reclamation) of municipal sewage or industrial wastes of a 

n as the median. The 25
and 75  quartiles are referred to as the lower and upper quartiles, respectively. 

Rapid Bioassessment Protocol II (RBP II). A suite of measurements based on a 
ualitative assessment of 

their habitat. RBP II scores are compared to a reference condition or conditions to 
impaired.

und-water formations, or
other bodies of water into which surface water and/or treated or untreated waste are 

made systems.

use distribution, and other

 land previously mined.  This method is often used 

ure growth.

and the volume of the river

Publicly owned treatment

liquid nature that is owned by a state or municipality. This definition includes sewers, 
pipes, or other conveyances only if they convey wastewater to a POTW providing 
treatment.

Quartile. The 25th, 50th, and 75th percentiles of a data set. A percentile (p) of a data set 
ordered by magnitude is the value that has at most p% of the measurements in the data set 
below it, and (100-p)% above it. The 50th quartile is also know th

th

quantitative assessment of benthic macroinvertebrates and a q

determine to what degree a water body may be biologically

Reach. Segment of a stream or river. 

Receiving waters. Creeks, streams, rivers, lakes, estuaries, gro

discharged, either naturally or in man-

Reference Conditions. The chemical, physical, or biological quality or condition
exhibited at either a single site or an aggregation of sites that are representative of non-
impaired conditions for a watershed of a certain size, land
related characteristics. Reference conditions are used to describe reference sites. 

Re-mining. Extracting resources from
to reclaim abandoned mine areas. 

Reserve capacity. Pollutant loading rate set aside in determining stream waste load 
allocation, accounting for uncertainty and fut

Residence time. Length of time that a pollutant remains within a section of a stream or 
river. The residence time is determined by the streamflow
reach or the average stream velocity and the length of the river reach. 

Restoration. Return of an ecosystem to a close approximation of its presumed condition 
prior to disturbance. 

Riparian areas. Areas bordering streams, lakes, rivers, and other watercourses. These
areas have high water tables and support plants that require saturated soils during all or 
part of the year. Riparian areas include both wetland and upland zones.
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Riparian zone. The border or banks of a stream. Although this term is sometimes used 
interchangeably with floodplain, the riparian zone is generally regarded as relatively 
narrow compared to a floodplain. The duration of flooding is generally much shorter, 
and the timing less predictable, in a riparian zone than in a river floodplain.

Runoff. That part of precipitation, snowmelt, or irrigation water that runs off the land 

l used to test for trends in data, which is 
unaffected by seasonal cycles. (Gilbert, 1987) 

Sediment. In the context of water quality, soil particles, sand, and minerals dislodged 
from the land and deposited into aquate systems as a result of erosion.

Septic system. An on-site system designed to treat and dispose of domestic sewage. A 
typical septic system consists of a tank that receives waste from a residence or business 
and a drain field or subsurface absorption system consisting of a series of percolation 
lines for the disposal of the liquid effluent. Solids (sludge) that remain after 
decomposition by bacteria in the tank must be pumped out periodically. 

Sewer. A channel or conduit that carries wastewater and storm water runoff from the 
source to a treatment plant or receiving stream. Sanitary sewers carry household, 
industrial, and commercial waste. Storm sewers carry runoff from rain or snow. 
Combined sewers handle both.

Simulation. The use of mathematical models to approximate the observed behavior of a 
natural water system in response to a specific known set of input and forcing conditions. 
Models that have been validated, or verified, are then used to predict the response of a 
natural water system to changes in the input or forcing conditions. 

Slope. The degree of inclination to the horizontal. Usually expressed as a ratio, such as 
1:25 or 1 on 25, indicating one unit vertical rise in 25 units of horizontal distance, or in a 
decimal fraction (0.04), degrees (2 degrees 18 minutes), or percent (4 percent).

Source. An origination point, area, or entity that releases or emits a stressor.  A source
can alter the normal intensity, frequency, or duration of a natural attribute, whereby the 
attribute then becomes a stressor.

Spatial segmentation. A numerical discretization of the spatial component of a system 
into one or more dimensions; forms the basis for application of numerical simulation 
models.

Roughness coefficient. A factor in velocity and discharge formulas representing the 
effects of channel roughness on energy losses in flowing water. Manning's "n" is a 
commonly used roughness coefficient. 

into streams or other surface water. It can carry pollutants from the air and land into 
receiving waters.

Seasonal Kendall test. A statistical too
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Staged Implementation. A process that allows for the evaluation of the adequacy of the 
TMDL in achieving the water quality standard. As stream monitoring continues to occur, 

aged or phased implementation allows for water quality improvements to be recorded as
they are being achieved. It also provides a measure of quality control, and it helps to 
nsure that the most cost-effective practices are implemented first.

takeholder. Any person with a vested interest in the TMDL development.

tandard. In reference to water quality (e.g. 200 cfu/100 mL geometric mean limit).

tandard deviation. A measure of the variability of a data set. The positive square root
of the variance of a set of measurem

Standard error. The standard deviation of a distribution of a sample statistic, esp. when 
the mean is used as the stat

tatistical significance. An indication that the differences being observed are not due to 
random error. The p-value indicates the probability that the differences are due to random
rror (i.e. a low p-value indicates statistical significance).

teady-state model. Mathematical model of fate and transport that uses constant values
of input variables to predict constant values of receiving water quality concentrations.

odel variables are treated as not changing with respect to time. 

torm runoff. Storm water runoff, snowmelt runoff, and surface runoff and drainage; 
rainfall that does not evaporate or infiltrate the ground because of impervious land 

rfaces or a soil infiltration rate lower than rainfall intensity, but instead flows onto 
 routed into a drain or sewer system. 

 Discharge that occurs in a natural channel. Although the term "discharge" 
an be applied to the flow of a canal, the word "streamflow" uniquely describes the 

discharge in a surface stream course. The term "streamflow" is more general than
"runoff" since streamflow may be applied to discharge whether or not it is affected by
diversion or regulation. 

Stream Reach.  A straight portion of a stream.

Stream restoration. Various techniques used to replicate the hydrological, 
morphological, and ecological features that have been lost in a stream because of 
urbanization, farming, or other disturbance.

Stressor. Any physical, chemical, or biological entity that can induce an adverse 
response. 2

Surface area. The area of the surface of a waterbody; best measured by planimetry or 
the use of a geographic information system. 
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Surface runoff. Precipitation, snowmelt, or irrigation water in excess of what can
infiltrate the soil surface and be stored in small surface depressions; a major transporter 

Surface water. All na en e at here ers, l s, re ,
mp ent e et d a gs ls,

uspended Solids. Usually fine sediments and organic matter. Suspended solids limit
sunlight penetration into the water, inhibit oxygen uptake by fish, and alter aquatic 

Technology-ba tions applicable to direct and indirect 
sources that are develo a ategory b s, not

g wate eff

. An nt o in m term  The smallest unit of ti  used in a 
atical s n m e.g. 1 s, 1- ur, 1- ay).

T). A uni sur ss e to 2, 00 En sh lbs

aphy. The physical features of a geographic surface area including relative 
and tion tural n-ma featu s.

olve s (T tion of dissolved inorganic 
in w

Total Maximum Daily Load (TMDL). The sum of the individual waste load allocations 
sources and natural

ound ma sa OS DL be e ssed ter
e, toxi , or o pprop te m

.

DL Im ation Plan. A docum ir V sta de

tions, costs, and monitoring. Once 
implemented, the plan should result in the previously impaired water meeting water 
quality standards and achieving a "fully supporting" use support status.

Transport of pollutants (in water). Transport of pollutants in water involves two main
processes: (1) advection, resulting from the flow of water, and (2) dispersion, or 
transport due to turbulence in the water. 

TRC. Total Residual Chlorine. A measure of the effectiveness of chlorinating treated
waste water effluent. 

of nonpoint source pollutants. 

water turally op to th mosp (riv ake servoirs
ponds, streams, i oundm s, seas, stuaries, c.) an ll sprin , wel or other
collectors directly influenced by surface water. 

S

habitat.

sed standards. Effluent limita
tego y-cped con a ry-b asis using statutory factor

includin r quality ects.

Times
m
tep increme f time odeling

te
s. me

mathe imulatio odel ( 5-minu ho d

Ton ( t of mea e of ma quivalent 2 gli .

Topogr
elevations the posi s of na and ma de re

Total Diss d Solid DS). A measure of the concentra
chemicals ater.

(WLAs) for point sources, load allocations (LAs) for nonpoint
backgr
per tim

, plus a
city

rgin of
ther a

fety (M
ria

). TM
easures that relate to a state's water quality

s can xpre in ms of mass

standard

TM plement ent requ ed by irginia tute tailing the
suite of pollution control measures needed to remediate an impaired stream segment. The
plans are also required to include a schedule of ac
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Tributary  A lower order-stream compared to a receiving waterb. ody. "Tributary to" 
indica  largest stre e rted am or utary ws.

f. Surface runoff originating from an an dr area lud ,
nd roo .

f a m . Process of determining how we ma tica l's
esenta descri the a beha of th ysica ocesse nder
A va d mo ill h lso been tested to asc in wh er it

d corr olves quat ing d to d he s  simulation.

measu he va lity se he su he squared deviations 
mean) divided by mbe erv s) – 1.

VADCR. Virginia Department of Conservation and Recreation. 

VADEQ. Virginia Department of Environmental Quality. 

DMLR. Virginia Department of mine Land Reclamation.

DMME. Virginia Department of Mines, Minerals, and Energy.

VDH. Virginia Department of Health.

Waste load allocation (WLA). The portion of a receiving waters' loading capacity that is 
allocated to one of its existing or future point sources of pollution. WLAs constitute a type
of water quality-based effluent limitation (40 CFR 130.2(h)).

Wastewater. Usually refers to effluent from a sewage treatment plant. See also Domestic
wastewater.

Wastewater treatment. Chemical, biological, and mechanical procedures applied to an 
industrial or municipal discharge or to any other sources of contaminated water to 
remove, reduce, or neutralize contaminants. 

Water quality. The biological, chemical, and physical conditions of a waterbody. It is a 
measure of a waterbody's ability to support beneficial uses. 

Water quality-based permit. A permit with an effluent limit more stringent than one
based on technology performance. Such limits might be necessary to protect the 
designated use of receiving waters (e.g., recreation, irrigation, industry, or water 
supply).

Water quality criteria. Levels of water quality expected to render a body of water 
suitable for its designated use, composed of numeric and narrative criteria. Numeric
criteria are scientifically derived ambient concentrations developed by the EPA or states 

tes the am into which th repo stre trib flo

Urban Runof urb ainage inc ing streets
parking lots, a ftops

Validation (o odel) ll the thema l mode
computer repr tion bes ctual vior e ph l pr s u
investigation. li edat del w ave a e art eth
accurately an ectly s the e ions be use efine t ystem

Variance. A re of t riabi o taf a da t. T m of t
(observation – (nu r of obs ation

VADACS. Virginia Department of Agriculture and Consumer Services.
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for various pollutants of concern to protect human health and aquatic life. Narrative 
criteria are statements that describe the desired water quality goal. Criteria are based on 
specific levels of pollutants that would make the water harmful if used for drinking,
swimming, farming, fish production, or industrial processes. 

Water quality standard. Law or regulation that consists of the beneficial designated use 
or uses of a waterbody, the numeric and narrative water quality criteria that are 
necessary to protect the use or uses of that particular waterbody, and an antidegradation 
statement.

Watershed. A drainage area or basin in which all land and water areas drain or flow 
toward a central collector such as a stream, river, or lake at a lower elevation.

WQIA. Water Quality Improvement Act. 
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Table A. 1 Summary of trend analysis on flow (cfs).

an Min 1 N2 Significant
d3Station Me Median Max SD

Tren
USGS #02030500 225.27 58 2009 7.43 191.38 823 No Trend 175. .43
1 ia mber mple measurements, ber in gnifican  colum
r so l estim slope.

T Summary of the Mood’s Median Test on mean hly flo SGS
S 30500 p<0.001
M inimu

(cfs)
Maximum

(cfs)
edian ps

SD: standard dev tion, 2N: nu of sa 3A num  the si t trend n
epresents the Sea nal-Kendal ated

able A. 2 mont w at U
tation 020 ( ).

Month
ean M

(cfs)
m

M Grou

January 28 47.16 991.581.40 C D
February 337.20 66.96 969.32 D

arch 373.93 80.19 1035.00 D
April 331.67 91.77 894.73 D

ay 224.13 67.58 911.74 C
June 179.01 37.60 2009.43 B

August
September 143.
October 148.13 1 778 A
Nov 179 3 86 B C
December 236.67 36 998.42 C D

M

M

July 130.25 19.72 497.81 A B
141.19 14.68 799.97 A B

83 7.43 871.63 A
B1.74

8
.13

ember .96 .80
.74

6.93

T S of tr nalysis precip on (in
Sta
N

ti
#

an
n

x S N2 ifican
end3

able A. 3 ummary end a on itati ).
tion Sta

ame
on

Me
Media

Ma Min D1 Sign t
Tr

Buckingham 4411 73 3.14 9 23.9 524 rend36 5. 309.6 0.00 4 No T
Bremo 4409 .55 3.32 40.3 644
Palmy 08 3.04 9 16 557

93 10 309.69
309.6

0.00
0.01

2
.59

No Trend
No Trendra 446491 5.

1SD: sta n; r of sa ple measur s; 3A er in t ficant column
represen Ke ated slo ; “--” insu t data

ndard deviatio 2N: numbe m ement numb he signi  trend
ts the Seasonal- ndall estim pe fficien
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Table A. 4 Summary of trend analysis on fecal coliform (cfu).

Mean Max MinStation 1 2 Significant
Median SD N

Trend3

2-N 18 1,742 49 No TrendTH001.65 870 200 9,200
2-RKI003.40 2,1 3 nd
2-SLT003.68 468 5, 18 1,174 77 No Trend
2 8, 25 1,32 107 556

0 15 396 10 --
-BAL003.00 443 200 2,500 100 562 23 --

5 81 140 5,400 45 1,818 9 --
0

2-SLT030.19 2,857 10 --
2-TBM000.80 1,744 16,0 18

608 200
100

16,000
700

18 90 5 No Tre

-TOT002.61 605 200 000 3 -5.
2-AUS001.12 275 92 1,30
2
2-FRY000.3
2-FRY003.0 1,103 130 5,400 45 1,842 10 --
2-SLT024.72 2,692 215 16,000 45 5,464 10 --

1,732 395 9,200 78
89 00 5,014 10 --

1SD:  deviatio 2  num le m s, 3A n mn
repr Season dall lop ve number indi wn and
positive number indicates an upward --” insufficient data

 standard
esents the

n, N:
al-Ken

ber of samp easurement
e. A negati

umber in the significant trend colu
estimated s

 trend, “
cates a do ward trend a
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Table B.1 Summary of bacterial source tracking results from water samples 
collected in the Austin Creek impairment.

Percent Isolates classified as: 

Station Date

F
C

E
(c

m Wildlife Human Livestock

180 84 12% 50% 

ecal
oliform

(cfu/100

. coli
fu/100

l) Pet
ml)

2AUS001.12 07/20/05 0% 38%
2AUS001.12 08/23/05 100 4 2 4 2

310 104 25% 33% 21% 21% 
46 0 4
84 8 21% 46% 25% 
44 18% 27% 
14 75 0
8 5 0

66 59 8 21% 12% 

6 0% 0% 0% 20%
2AUS001.12 09/20/05
2AUS001.12 10/27/05 % 7% 38% 15%
2AUS001.12 11/29/05 %
2AUS001.12 12/29/05 9% 46%
2AUS001.12 02/02/06 % % 25% 0%
2AUS001.12 03/28/06 0% % 0% 50%
2AUS001.12 4/25/06 % %

BOLD type indicates a statistically significant value.

Table B.2 lts from water samples 
collected in the Ballinger C pairme

n c

Summary of bacterial source tracking resu
reek im nt.

Perce t Isolates lassified as:

Station Date

Fecal
Coliform
(cfu/ 0

m

E
(cfu

m Wildlife Human Livestock

500 378 54 0 0

10
l)

. coli
/100
l) Pet

%2BLR003.00 07/12/05 % 46% %
2BLR003.00 08/23/05 300 206 0 0 100% 0

390 221 8 33% 26% 33%
7 17% 63% 8

151 42% 42% 4 1
8 25% 12% 25% 38%

106 2 12 17% 46% 
9 2 0 21% 50% 

156 5 8 2
96 5 4

% % %
2BLR003.00 09/13/05 %
2BLR003.00 10/19/05 6 12% %
2BLR003.00 11/15/05 % 2%
2BLR003.00 12/13/05 4
2BLR003.00 5%01/24/06 %
2BLR003.00 02/22/06 6 9% %
2BLR003.00 03/15/06 0% % 5% 17%
2BLR003.00 4/11/06 8% % 38% 0%

BOLD type indicates a statistically significant value.
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Table B.3 Summary of bacterial source tracking results from water samples 
collected in the Frisby Branch impairment. 

Percent Isolates classified as: 

Station Date 

Fecal
Coliform
(cfu/100

ml)

E. coli 
(cfu/100

ml) Wildlife Human Livestock Pet

2FRY000.35 07/20/05 240 84 12% 12% 55% 21%
BOLD type indicates a statistically significant value.

Table B.4 Summary of bacterial source tracking results from water samples 
collected in the North River impairment. 

Percent Isolates classified as: 

Station Date

Fecal

ml)

E. coli 

ml) uman Livestock Pet

2NTH001.65 07/20/05 90 62 0% 33% 55% 12%

Coliform
(cfu/100

(cfu/100
Wildlife H

2NTH001.65 08/23/05 50 28 0% 20% 0% 80%
2NTH001.65 09/20/05 20 24 0% 93% 7% 0%
2NTH001.65 10/27/05 50 12% 55% 25% 8%
2NTH001.65 11/29/05 183 12% 17% 17% 54%
2NTH001.65 12/29/05 80 22% 33% 12% 33%
2NTH001.65 02/02/06 108 58% 0% 42% 0%
2NTH001.65 03/28/06 68 75% 0% 8% 17%
2NTH001.65 4/25/06 52 12% 19% 38% 31%

BOLD type indicates a statistically significant value.

able B.5 Summary of bacterial source tracking results from water samples 
collected in the Rock Island Creek impairment.

Percent Isolates classified as: 

T

Station Date 

Fecal
Coliform
(cfu/100

ml)

E. coli 
(cfu/100

ml) Wildlife Human Livestock Pet

2RKI003.40 07/13/05 180 72 92% 0% 8% 0%
2RKI003.40 08/23/05 70 40 47% 0% 47% 6%
2RKI003.40 09/13/05 310 18 25% 42% 25% 8%
2RKI003.40 10/19/05 149 17% 75% 4% 4%
2RKI003.40 11/15/05 58 29% 8% 0% 63%
2RKI003.40 12/13/05 56 72% 12% 12% 4%
2RKI003.40 01/24/06 56 71% 17% 8% 4%
2RKI003.40 02/22/06 12 0% 0% 0% 100%
2RKI003.40 03/15/06 20 0% 0% 25% 75%
2RKI003.40 4/11/2006 6 100% 0% 0% 0%

BOLD type indicates a statistically significant value.
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Ta
co

Percent Isolates classified as: 

ble B.6 Summary of bacterial source tracking results from water samples 
llected in the Slate River impairment.

Station Date 

Fecal
Coliform
(cfu/100

ml)

E. coli 
(cfu/100

ml) Wildlife Human Livestock Pet

2SLT003.68 07/20/05 80 36 29% 63% 4% 4%
2SLT003.68 08/23/05 60 30 65% 6% 29% 0%
2SLT003.68 09/20/05 140 30 6% 63% 6% 25%
2SLT003.68 10/27/05 60 67% 4% 25% 4%
2SLT003.68 11/29/05 80 29% 17% 4% 50%
2SLT003.68 12/29/05 86 29% 21% 17% 33% 
2SLT003.68 02/02/06 76 80% 7% 13% 0%
2SLT003.68 02/23/06 16 0% 42% 29% 29%
2SLT003.68 03/28/06 16 22% 11% 45% 22%
2SLT003.68 4/25/2006 30 50% 29% 21% 0%

BOLD type indicates a statistically significant value.

Table B.7 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment.

Percent Isolates classified as: 
Station Date Coliform

(cfu/100
ml)

E. coli 
(cfu/100

ml) Wildlife Human

Fecal

Livestock Pet

LT014.52 07/20/05 130 46 0% 0% 100% 0%2S
2SLT014.52 08/23/05 30 62 8% 4% 29% 59% 
2
2SLT014.52 12% 12%
2SLT014.52 11/29/05 149 17% 33% 8% 42%
2SLT014.52 12/29/05 96 25% 12% 4% 59%
2SLT014.52 02/02/06 82 80% 8% 0% 12%
2SLT014.52 02/23/06 32 27% 13% 60% 0%
2SLT014.52 03/28/06 58 34% 22% 22% 22%
2SLT014.52 4/25/2006 48 63% 12% 25% 0%

SLT014.52 09/20/05 110 38 33% 29% 19% 19%
10/27/05 44 25% 51%
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Table B.8 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment.

Percent Isolates classified as: 

Station Date 

Fecal
Coliform
(cfu/100

ml)

E. coli 
(cfu/100

ml) Wildlife Human 
Livestoc

k
Pet

2SLT030.19 07/20/05 250 82 0% 0% 75% 25% 
2SLT030.19 08/23/05 90 40 11% 11% 11% 67%
2SLT030.19 09/20/05 220 176 29% 21% 38% 12%
2SLT030.19 10/27/05 46 32% 42% 21% 5%
2SLT030.19 11/29/05 210 12% 8% 51% 29% 
2SLT030.19 12/29/05 26 39% 22% 11% 28%
2SLT030.19 02/02/06 84 88% 12% 0% 0%
2SLT030.19 03/28/06 32 66% 0% 7% 27%
2SLT030.19 4/25/2006 64 38% 0% 33% 29% 

BOLD type indicates a statistically significant value.

Table B.9 Summary of bacterial source tracking results from water samples 
collected in the Slate River impairment.

Percent Isolates classified as: 

Station

ml)
ml) Livestock Pet

2SLT036.92 07/20/05 110 42 0% 0% 100% 0%

Date

Fecal
Coliform
(cfu/100

E. coli 
(cfu/100

Wildlife Human 

2
2SLT036.92 42%
2SLT036.92 10/27/05 134 4% 54% 25% 17%
2SLT036.92 11/29/2005 48 17% 29% 8% 46%
2SLT036.92 12/28/05 90 29% 4% 17% 50% 
2SLT036.92 02/02/06 10 83% 0% 17% 0%
2SLT036.92 03/28/06 10 20% 0% 40% 40%
2SLT036.92 4/25/2006 20 20% 25% 55% 0%

SLT036.92 08/23/05 70 4 0% 0% 0% 100%
09/20/05 200 80 8% 42% 8%

BOLD type indicates a statistically significant value.
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Table B.10 Summary of bacterial source tracking results from water samples 
collected in the Troublesome Creek impairment.

Percent Isolates classified as: 
Station Date 

Fecal
Coliform

(cfu/100 ml)

E. coli 
(cfu/100

ml) Wildlife Human Livestock Pet

2TBM000.80 07/20/05 240 48 8% 42% 25% 25%
2TBM000.80 08/23/05 1 2 0% 0% 100% 0%
2TBM000.80 09/20/05 120 102 33% 42% 8% 17%
2TBM000.80 10/27/05 16 60% 40% 0% 0%
2TBM000.80 12/21/05 54 8% 17% 50% 25%
2TBM000.80 12/29/05 24 70% 15% 0% 15%
2TBM000.80 02/02/06 4 100% 0% 0% 0%
2TBM000.80 02/23/06 2 0% 0% 100% 0%
2TBM000.80 03/28/06 10 34% 33% 33% 0%
2TBM000.80 4/25/06 4 67% 33% 0% 0%

BOLD type indicates a statistically significant value.

Table B.11 Summary of bacterial source tracking results from water samples 
collected in the Totier Creek impairment.

Percent Isolates classified as: 
Station

estock Pet

OT002.61 7/20/04 340 0% 0% 71% 29% 

Date
Fecal

Coliform
(cfu/100 ml)

E. coli 
(cfu/100

ml) Wildlife Human Liv

2T
2TOT002.61 8/23/04 110 8% 23% 15% 54%
2
2TOT002.61 1 0%
2TOT002.61 11/15/04 250 191 55% 12% 25% 8%
2TOT002.61 12/13/04 110 182 50% 25% 17% 8%
2TOT002.61 1/10/05 110 94 84% 12% 4% 0%
2TOT002.61 2/14/05 190 235 29% 8% 17% 46% 
2TOT002.61 3/21/05 80 86 16% 0% 42% 42% 
2TOT002.61 4/18/05 170 460 25% 4% 50% 21% 
2TOT002.61 5/23/05 140 282 12% 4% 29% 55% 
2TOT002.61 6/13/05 160 205 25% 12% 51% 12%

TOT002.61 9/20/04 230 0% 0% 100% 0%
0/12/04 60 67% 33% 0%

BOLD type indicates a statistically significant value.
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Figure C. 1 Quality validation results for period 10/1/1999 to 9/30/2001 Frisby 
Branch, subshed 2 VADEQ Station 2-FRY000.35. 
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Figure C. 2 Quality validation results for period 10/1/1999 to 9/30/2001 Austin 
Creek, subshed 13 VADEQ Station 2-AUS001.12. 

APPENDIX CC-2



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

1.00

10.00

100.00

1000.00

10000.00

100000.00

10/1/1999 1/9/2000 4/18/2000 7/27/2000 11/4/2000 2/12/2001 5/23/2001 8/31/2001

Date

F
ec

al
 C

ol
if

or
m

(c
fu

/1
00

m
l)

modeled observed

Figure C. 3 Quality validation results for period 10/1/1999 to 9/30/2001 North 
River, subshed 15 VADEQ Station 2-NTH001.65. 
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Figure C. 4 Quality validation results for period 10/1/1999 to 9/30/2001 Slate 
River, subshed 10 VADEQ Station 2-SLT003.68. 
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Figure C. 5 Quality validation results for period 10/1/1999 to 9/30/2001 
Troublesome Creek, subshed 17 VADEQ Station 2-TBM000.80. 
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Figure C. 6 Quality validation results for period 10/1/1999 to 9/30/2001 Rock 
Island Creek, subshed 34 VADEQ Station 2-RKI003.40.

APPENDIX CC-4



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

1.00

10.00

100.00

1000.00

10000.00

100000.00

10/1/1999 1/9/2000 4/18/2000 7/27/2000 11/4/2000 2/12/2001 5/23/2001 8/31/2001

Date

F
ec

al
 C

ol
if

or
m

(c
fu

/1
00

m
l)

modeled observed

Figure C. 7 
BAL003.00.

Quality validation results for period 10/1/1999 to 9/30/2001 
Ballinger Creek, subshed 37 VADEQ Station 2-
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Figure C. 8 Quality validation results for period 10/1/1999 to 9/30/2001 Totier 
Creek, subshed 39 VADEQ Station 2-TOT002.61. 
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Figure D. 1 Relationship between fecal coliform concentrations (VADEQ 
Station 2-AUS001.12) and discharge (USGS Gaging Station # 
02030000) in the Austin Creek impairment.
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Figure D. 2 Relationship between fecal coliform concentrations (VADEQ 
Station 2-BLR003.00) and discharge (USGS Gaging Station 
#02030000) in the Ballinger Creek impairment. 
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Figure D. 3 Relationship between fecal coliform concentrations (VADEQ 
Station 2-FRY000.35) and discharge (USGS Gaging Station
#02030000) in the Frisby Branch impairment.
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Figure D. 4 Relationship between fecal coliform concentrations (VADEQ 
Station 2-FRY003.00) and discharge (USGS Gaging Station
#02030000) in the Frisby Branch impairment.
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Figure D. 5 Relationship between fecal coliform concentrations (VADEQ 
Station 2-NTH001.65) and discharge (USGS Gaging Station 
#02030000) in the North River impairment.

1

10

100

1000

10000

100000

0 10 20 30 40 50 60 70 80 90

Flow Duration Interval (%)

F
e
ca

l 
C

o
li

fo
r
m

 (
c
fu

/1
0

0
m

l)

100

Listing Standard New Instantaneous Standard Observed FC

High Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow

Figure D. 6 Relationship between fecal coliform concentrations (VADEQ 
Station 2-NTH003.00) and discharge (USGS Gaging Station 
#02030000) in the North River impairment.
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Figure D. 7 Relationship between fecal coliform concentrations (VADEQ 
Station 2-RKI003.40) and discharge (USGS Gaging Station 
#02030000) in the Rock Island Creek impairment. 
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Figure D. 8 Relationship between fecal coliform concentrations (VADEQ 
Station 2-SLT003.68) and discharge (USGS Gaging Station
#02030000) in the Slate Creek impairment.
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Figure D. 9 Relationship between fecal coliform concentrations (VADEQ 
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Figure D. 10 Relationship between fecal coliform concentrations (VADEQ 
Station 2-SLT030.19) and discharge (USGS Gaging Station
#02030000) in the Slate Creek impairment.
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Figure D. 11 Relationship between fecal coliform concentrations (VADEQ 
Station 2-TBM000.80) and discharge (USGS Gaging Station

Moist Conditions Mid-Range Flow Dr

#02030000) in the Troublesome Creek impairment. 
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Table E.1 Current conditions of land applied E. coli load by land use for the 
Austin Creek watershed (subwatershed 13). 

Month B
es
cc

e p tarren Forest
Liv

A
tock
ess

R sidential Pasture Cro land We lands

January 1 . 3 1.5 4.99E+11 4 18E+12 2.4 E+10 2.08E+11 7E+12 7.5 E+09 6.72E+11
February 1 . 0 1.4 1

1 . 7 3.2 4
1 . 9E+10 1. 3.2 0
1 . 4 3.2 4
1 . 9 1.6 0
1 . 8 1.6 4
1 . 8 1.6 4
1 . 9 1.6 0
1 . 7 1.5 4

November 1 . 5 1.5 0E+09 6.50
1.99E+11 4.18E+12 2.43 1.5 4

.9 0 1. 8

.79E+11 3 77E+12 2.2 E+10 1.85E+11 2E+12 6.8 E+09 6.07E+11
March .99E+11 4 18E+12 3.4 E+10 1.98E+11 3E+13 7.5 E+09 6.72E+11
April .92E+11 4 04E+12 4.6 89E+11 2E+13 7.3 E+09 6.50E+11
May .99E+11 4 18E+12 4.8 E+10 1.92E+11 3E+13 7.5 E+09 6.72E+11
June .92E+11 4 04E+12 5.6 E+10 1.83E+11 8E+13 7.3 E+09 6.50E+11
July .99E+11 4 18E+12 5.8 E+10 1.83E+11 9E+13 7.5 E+09 6.72E+11

August .99E+11 4 18E+12 5.8 E+10 1.83E+11 9E+13 7.5 E+09 6.72E+11
September .92E+11 4 04E+12 4.6 E+10 1.77E+11 9E+13 7.3 E+09 6.50E+11

October .99E+11 4 18E+12 3.4 E+10 1.80E+11 6E+12 7.5 E+09 6.72E+11
.92E+11 4 04E+12 3.3 E+10 1.77E+11 1E+12 7.3 E+11

December E+10 1.95E+11 7E+12 7.5 E+09 6.72E+11
Annual Total 
Loads (cfu/yr) 2.34E+12 4 2E+13 4.9 E+11 2.25E+12 72E+14 8.8 E+10 7.91E+12

Table E.2 Current conditions of land applied E. coli load by land use for the 
Ballinger Creek watershed (subwatersheds 37 & 38).

re Forest
iv
Ac

Residential Pasture Cropland WetlandsMonth Bar n Commercial
L estock

cess
January 2.40E+11 2.99E+116.44E+10 2.59E+08 9.17E+12 9.05E+11 1.91E+12 4.48E+13

February 2.17E+11 2.70E+11
rch 2.40E+11 2.99E+11

April 6.24E+10 2.51E+08 8.87E+12 1.33E+12 1.73E+12 4.27E+13 2.32E+11 2.90E+11
May 6.44E+10 2.59E+08 9.17E+12 1.37E+12 1.76E+12 4.42E+13 2.40E+11 2.99E+11
June 6.24E+10 2.51E+08 8.87E+12 1.52E+12 1.68E+12 4.25E+13 2.32E+11 2.90E+11

E+11 2.99E+11
August 1.57E+12 1.67E+12 4.39E+13 2.40E+11 2.99E+11

September 6.24E+10 2.51E+08 8.87E+12 1.33E+12 1.62E+12 4.27E+13 2.32E+11 2.90E+11
+10 2.59E+08 . 0 . 0E+11 2.99E+11

November E+08 8.8 .6 .3 2E+11 2.90E+11
D mbe .1 .7 .4 0E+11 2.99E+11

An l To
oa cfu/ .0 .0 .2 2E+12 3.53E+12

5.82E+10 2.34E+08 8.28E+12 8.17E+11 1.70E+12 4.05E+13
Ma 6.44E+10 2.59E+08 9.17E+12 1.10E+12 1.82E+12 4.46E+13

July 6.44E+10 2.59E+08 9.17E+12 1.57E+12 1.67E+12 4.39E+13 2.40
6.44E+10 2.59E+08 9.17E+12

October 6.44E 9 17E+12 1.1 E+12 1 64E+12 4.46E+13 2.4
6.24E+10 2.51 7E+12 1.07E+12 1 2E+12 4 1E+13 2.3

ece r 6.44E+
t

10 2.59E+08 9 7E+12 9.05E+11 1 9E+12 4 8E+13 2.4
nua
ds (

al
yr) 7.59EL +11 3.05E+09 1 8E+14 1.46E+13 2 6E+13 5 2E+14 2.8
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Table E.3 Current conditions of land applied E. coli load by land use for the 
Frisby Branch watershed (subwatershed 2). 

rren Fo
Livestock

cc
esid Pasture Cropland WetlandsMonth Ba rest

A ess
R ential

January 1.41E+11 .88E+11 5.60E+12 1.81E+113.11E+12 1.07E+11 3 3.57E+10
February 1.27E

1.41E
+11 2.81E+12 9.65 .46E+11 5.06E+12 

rch 3 . 6
ril 5 . 6
ay 1.41E+11 2 . 6
ne 0 . 3
ly 1.41E+11 8 . 3

August 1.41E+11 3.11E+12 2.28E+11 3.45E+11 3.62E+13 3.57E+10 1.81E+11
September 1.36E+11 3.01E+12 1.85E+11 3.34E+11 3.60E+13 3.46E+10 1.76E+11

October 1.41E+11 3.11E+12 1.43E+11 3.40E+11 5.55E+12 3.57E+10 1.81E+11
November 1.36E+11 3.01E+12 1.39E+11 3.34E+11 5.37E+12 3.46E+10 1.76E+11

11
Annual Total 

/ E+12 3.66E

E+10 3 3.23E+10 1.64E+11
Ma +11 3.11E+12 1.4 E+11 3 72E+11 .70E+13 3.57E+10 1.81E+11
Ap 1.36E+11 3.01E+12 1.8 E+11 3 55E+11 .68E+13 3.46E+10 1.76E+11
M 3.11E+12 1.9 E+11 3 61E+11 .70E+13 3.57E+10 1.81E+11
Ju 1.36E+11 3.01E+12 2.2 E+11 3 45E+11 .60E+13 3.46E+10 1.76E+11
Ju 3.11E+12 2.2 E+11 3 45E+11 .62E+13 3.57E+10 1.81E+11

December 1.41E+11 3.11E+12 1.07E+11 3.67E+11 5.60E+12 3.57E+10 1.81E+

Loads (cfu yr) 1.66 +13 1.97E+12 4.23E+12 3.72E+14 4.21E+11 2.14E+12

Table E.4 Curre d b e
u 5 .

Month Barren Forest
Livestock

Access
Residential Pasture Cropland Wetlands

nt conditions of lan applied E. coli load y land us for the
North River watershed (s bwatersheds 13,14,1 ,16 & 22)

January 7.68E+11 2.11E+13 1.08E+12 1.52E+12 5.93E+13 1.48E+11 2.68E+12
February 6.94E+11 1.90E+13 9.73E+11 1.35E+12 5.35E+13 1.34E+11 2.42E+12

E + 5E .90E 1.48E+11 2.68E+12
E+ 6.87E+14 1.43E+11 2.59E+12

ay E 8 8E+11 2.68E+12
ne +13 2.28E 7 9E+12
ly 7.68E E+12 3.7 8E+12

August 7.68E+11 2.11E+13 2.36E+12 1.33E+12 3.73E+14 1.48E+11 2.68E+12
September 7.43E+11 2.04E+13 1.91E+12 1.29E+12 3.72E+14 1.43E+11 2.59E+12

October 7.68E+11 2.11E+13 1.46E+12 1.31E+12 5.87E+13 1.48E+11 2.68E+12
November 7.43E+11 2.04E+13 1.42E+12 1.29E+12 5.68E+13 1.43E+11 2.59E+12

e

Annual Total 
/

4E+13 3.84E+15 1.74E+12 3.16E+13

March
April

7.68
7.43

+11 2.11E
11 2.04E

+13 1.46E
+13 1.91E+12

12 1.4
1.38E+12

+12 6 +14

M 7.68 +11 2.11E+13 1.98E+12 1.40E+12 6. 9E+14 1.4
Ju 7.43E+11 2.04E +12 1.33E+12 3. 1E+14 1.43E+11 2.5
Ju +11 2.11E+13 2.36E+12 1.33 3E+14 1.48E+11 2.6

Decemb r 7.68E+11 2.11E+13 1.08E+12 1.43E+12 5.93E+13 1.48E+11 2.68E+12

9.04E+12 2.48E+14 2.03E+13 1.6
Loads (cfu yr)
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Table E.5 Current conditions of land applied E. coli load by land use for the 
Rock Island Creek watershed (subwatersheds 34,35 & 36).

Month ture Cropland WetlandsBarren Commercial Forest
Livestock

Access
Residential Pas

January +1 E 30E +11 .73E+12 1.98E+13 8.78E+114.24E 1 7.36 +07 1. +13 3.58E 1 6.28E+10
February E+ 7E 3E+ 54E+ .78E+ 7E+10 7.93E+11

rch + 3 E E E +10 8.78E+11
ril 2 E E E +10 8.49E+11
y 3 E E E+13 6.28E+10 8.78E+11
e + 2 E E E+13 6.08E+10 8.49E+11

ly 3 E E E +10 8.78E+11
ust 3 E E E +10 8.78E+11

September + 2 E E E +10 8.49E+11
ber 30E+13 4.87E E E +10 8.78E+11

Novembe 2 E E E +10 8.49E+11
D ber + 3 E E E +10 8.78E+11

An l To
ds

(cfu/yr)
53 E E E +11 1.03E+13

3.83 11 6.65E+07 1.1 +13 3.2 11 1. 12 1 13 5.6
Ma 4.24E 11 7.36E+07 1. 0E+13 4.87 +11 1.67 +12 1.96 +13 6.28E
Ap 4.11E+11 7.12E+07 1. 5E+13 6.37 +11 1.59 +12 1.87 +13 6.08E
Ma 4.24E+11 7.36E+07 1. 0E+13 6.58 +11 1.62 +12 1.93
Jun 4.11E 11 7.12E+07 1. 5E+13 7.62 +11 1.55 +12 1.85
Ju 4.24E+11 7.36E+07 1. 0E+13 7.87 +11 1.56 +12 1.91 +13 6.28E

Aug 4.24E+11 7.36E+07 1. 0E+13 7.87 +11 1.56 +12 1.91 +13 6.28E
4.11E 11 7.12E+07 1. 5E+13 6.37 +11 1.51 +12 1.87 +13 6.08E

Octo 4.24E+11 7.36E+07 1. +11 1.54 +12 1.96 +13 6.28E
r 4.11E+11 7.12E+07 1. 5E+13 4.71 +11 1.51 +12 1.89 +13 6.08E

ecem 4.24E 11 7.36E+07 1. 0E+13 3.58 +11 1.64 +12 1.98 +13 6.28E
nua tal

+Loa 5.00E 12 8.67E+08 1. E+14 6.75 +12 1.90 +13 2.29 +14 7.40E

able E.6 Current conditions of land applied E. coli load by land use for the 
Lower Slate River watershed (subwatersheds

ren mm Forest
cc

i s land Wetlands

T

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,
28,29,30,31,32 & 33). 

Month Bar Co ercial
Livestock

A ess
Res dential Pa ture Crop

January .4 1 4 8 E+12 1.07E+135.39E+12 8.01E+10 1 9E+14 7.8 E+12 1.7 E+13 4.0 E+14 1.15
F uary .3 6 5 8 E+12 9.66E+12

rch +12 8.01E+10 .4 5 6 4 E+14 1.07E+13
ril .4 5 8 3 E+14 1.04E+13
ay .4 0 1 4 E+14 1.07E+13
ne E+10 1.4 1 3 7 E+12 1.04E+13
ly .4 6 3 8 E+12 1.07E+13
ust .4 6 3 8 E+12 1.07E+13

Septembe .44E+14 1.35E+13 1.48E+13 1.26 E+14 1.04E+13
ber .4 5 0 4 E+14 1.07E+13

Novemb .4 1 8 1 E+14 1.04E+13
D mbe .4 1 4 8 E+12 1.07E+13

Annual Tot
Loa cfu

.7 4 8 1 E+15 1.26E+14

ebr 4.87E+12 7.23E+10 1 5E+14 7.0 E+12 1.5 E+13 3.6 E+14 1.04
Ma 5.39E 1 9E+14 1.0 E+13 1.6 E+13 2.1 E+15 8.71
Ap 5.21E+12 7.75E+10 1 4E+14 1.3 E+13 1.5 E+13 2.1 E+15 8.71
M 5.39E+12 8.01E+10 1 9E+14 1.4 E+13 1.6 E+13 2.1 E+15 2.19
Ju 5.21E+12 7.75 4E+14 1.6 E+13 1.5 E+13 1.4 E+15 1.11
Ju 5.39E+12 8.01E+10 1 9E+14 1.6 E+13 1.5 E+13 1.4 E+15 1.15

Aug 5.39E+12 8.01E+10 1 9E+14 1.6 E+13 1.5 E+13 1.4 E+15 1.15
r 5.21E+12 7.75E+10 1 E+15 8.71

Octo 5.39E+12 8.01E+10 1 9E+14 1.0 E+13 1.5 E+13 4.0 E+14 6.54
er 5.21E+12 7.75E+10 1 4E+14 1.0 E+13 1.4 E+13 3.9 E+14 2.19

ece r 5.39E+12 8.01E+10 1 9E+14 7.8 E+12 1.6 E+13 4.0 E+14 1.15
al

ds ( /yr)
6.34E+13 9.43E+11 1 6E+15 1.4 E+14 1.8 E+14 1.4 E+16 3.71

APPENDIX EE-4



TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.7 Current conditions of land applied E. coli load by land use for the 
Upper Slate River watershed (subwatersheds

,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 21,22 & 23).

Month Barren Commercial Forest
estoc
ce

Residential Pasture Cropland Wetlands

1,2,3
Liv k

Ac ss
January + 76 E E + 1 6.48E+122.18E 12 3.39E+10 6. E+13 3.11 +12 7.51 +12 1.71E 14 5.27E+1

February 11 E E + 1 5.86E+12
rch + 76 E E + 4 6.48E+12
ril + 54 E E + 4 6.27E+12
ay 76 E E + 4 6.48E+12
ne + 54 E E + 1 6.27E+12
ly + 76 E E + 1 6.48E+12
ust 76 E+ E+ E+ 1 6.48E+12

Septembe + 54 E E + 4 6.27E+12
October 2.18E+12 3.39E+10 6.76E+13 4.22E+12 6.45E+12 1.69E+14 5.08E+14 6.48E+12

November 2.11E+12 3.29E+10 6.54E+13 4.08E+12 6.35E+12 1.63E+14 1.70E+14 6.27E+12
December 2.18E+12 3.39E+10 6.76E+13 3.11E+12 7.04E+12 1.71E+14 5.27E+11 6.48E+12

5 7.63E+13

1.97E+12 3.07E+10 6. E+13 2.81 +12 6.68 +12 1.54E 14 4.76E+1
Ma 2.18E 12 3.39E+10 6. E+13 4.22 +12 7.16 +12 1.43E 15 6.77E+1
Ap 2.11E 12 3.29E+10 6. E+13 5.51 +12 6.81 +12 1.42E 15 6.77E+1
M 2.18E+12 3.39E+10 6. E+13 5.69 +12 6.92 +12 1.43E 15 1.70E+1
Ju 2.11E 12 3.29E+10 6. E+13 6.58 +12 6.58 +12 9.60E 14 5.10E+1
Ju 2.18E 12 3.39E+10 6. E+13 6.80 +12 6.56 +12 9.65E 14 5.27E+1

Aug 2.18E+12 3.39E+10 6. E+13 6.80 12 6.56
+12 6.35

12 9.65
+12 7.92E

14 5.27E+1
r 2.11E 12 3.29E+10 6. E+13 5.51 14 6.77E+1

Annual Total 
Loads (cfu/yr) 

2.56E+13 4.00E+11 7.96E+14 5.85E+13 8.10E+13 8.79E+15 2.88E+1

Table E.8 e d . y for
su ed

nth r Forest
es
cc

id stu and Wetlands

Curr nt conditions of lan applied E coli load b land use the
Totier Creek watershed ( bwatersh s 39,40 & 41).

Mo Bar en Commercial
Liv tock

Res
A ess

ential Pa re Cropl

January .3 3E 2E E 11 1.08E+122.89E+11 3.12E+09 1 5E+13 1.2 +12 3.2 +12 8.05 +13 4.95E+
February E2.61 +11 2.82E+09 1.2 1E 6E E 11 9.77E+11

rch .3 1E 6E E 11 1.08E+12
ril .3 1E 0E E 11 1.05E+12
ay .3 6E 5E E 11 1.08E+12

June 2.80E+11 3.02E+09 1.31E+13 1.79E+12 2.80E+12 7.71E+13 4.79E+11 1.05E+12
July 2.89E+11 3.12E+09 1.35E+13 1.85E+12 2.78E+12 7.97E+13 4.95E+11 1.08E+12

August 2.89E+11 3.12E+09 1.35E+13 1.85E+12 2.78E+12 7.97E+13 4.95E+11 1.08E+12
September 2.80E+11 3.02E+09 1.31E+13 1.61E+12 2.69E+12 7.73E+13 4.79E+11 1.05E+12

October 2.89E+11 3.12E+09 1.35E+13 1.41E+12 2.73E+12 8.03E+13 4.95E+11 1.08E+12
November 2.80E+11 3.02E+09 1.31E+13 1.37E+12 2.69E+12 7.77E+13 4.79E+11 1.05E+12
December 2.89E+11 3.12E+09 1.35E+13 1.23E+12 3.00E+12 8.05E+13 4.95E+11 1.08E+12

Annual Total 
Loads (cfu/yr) 

3.41E+12 3.67E+10 1.59E+14 1.81E+13 3.45E+13 9.43E+14 5.83E+12 1.27E+13

2E+13 1.1 +12 2.8 +12 7.28 +13 4.47E+
Ma 2.89E+11 3.12E+09 1 5E+13 1.4 +12 3.0 +12 8.03 +13 4.95E+
Ap
M

2.80E
2.89E

+11 3.02
+11 3.12

E+09 1
E+09 1

1E+13 1.6
5E+13 1.6

+12 2.9
+12 2.9

+12 7.73
+12 7.99

+13 4.79E+
+13 4.95E+
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.9 Current conditions of land applied E. coli load by land use for the 
Troublesome Creek watershed (subwatersheds

Barren Commercial Forest
Livestock

Residential Pasture Cropland

17 & 23).

Month
Access

Wetlands

January 1.52E+11 1.82E+10 4.48E+12 2.39E+11 1.51E+12 1.32E+13 5.41E+10 2.13E+11
February 1.38E 4 0 .15 1.34E+12 1.20E+13 4.88E+10 1.93E+11

arch E . . 2.90E+14 2.13E+11
pril . . 2.90E+14 2.06E+11
ay . . 7.26E+13 2.13E+11
ne E . . 5.23E+10 2.06E+11
ly 1.52E+11 . . 5.41E+10 2.13E+11

gust . . 5.41E+10 2.13E+11
Septembe . . 2.90E+14 2.06E+11

tober 1.52E . . 2.18E+14 2.13E+11
Novembe . . 7.26E+13 2.06E+11
D embe . . 5.41E+10 2.13E+11

An l T
Loa (cfu

. . 1.23E+15 2.51E+12

+11 1.6 E+10 4. 5E+12 2 E+11
M 1.52 +11 1.82E+10 4 48E+12 3 24E+11 1.44E+12 8.78E+13
A 1.47E

E
+11 1.76E+10 4 34E+12 4 24E+11 1.37E+12 8.72E+13

M 1.52 +11 1.82E+10 4 48E+12 4 38E+11 1.39E+12 8.77E+13
Ju 1.47 +11 1.76E+10 4 34E+12 5 06E+11 1.32E+12 1.22E+14
Ju 1.82E+10 4 48E+12 5 23E+11 1.32E+12 1.23E+14

Au E1.52
r E

+11 1.82E+10 4 48E+12 5 23E+11 1.32E+12 1.23E+14
1.47 +11 1.76E+10 4 34E+12 4 24E+11 1.28E+12 4.99E+13

Oc +11 1.82E+10 4 48E+12 3 24E+11 1.30E+12 1.31E+13
r 1.47E
r E

+11 1.76E+10 4 34E+12 3 14E+11 1.28E+12 1.27E+13
ec 1.52 +11 1.82E+10 4 48E+12 2 39E+11 1.42E+12 1.32E+13
nua otal

/
1.79E

ds yr)
+12 2.14E+11 5 28E+13 4 49E+12 1.63E+13 7.45E+14

Tab E.1 l / f the
( s

Reach ID 

le 0 Monthly, directly deposited E. coli oads (cfu day) in each reach o
Austin Creek watershed subwater hed 13).

Source
January February March April

Type
May June

13 Human 2.25E+11 2.03E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11
13 Livestock 1.03E+10 9.33E+09 1.48E+10 2.00E+10 2.07E+10 2.43E+10
13 Wildlife 9.71E+10 8.77E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10

Tab .11 l / f the
(

Reach ID r ber

hly, directly deposited E. coli oads (cfu day) in each reach ole E tMon
Austin Creek watershed cont).

Source
July August Septembe October November Decem

Type
13 Human 2.25E+11 2.25E+11 2.18E+11 2.25E+11 112.18E+11 2.25E+
13 Livestock 2.51E+10 2.51E+10 2.00E+10 1.48E+10 10

0 10
1.43E+10 1.03E+

13 Wildlife 9.71E+10 9.71E+10 9.40E+10 9.71E+1 9.40E+10 9.71E+
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.12 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Ballinger Creek watershed (subwatersheds 37 & 38).

Reach ID 
Source
Type

January February March April May June

37 Human 9.14E+11 8.26E+11 9.14E+11 8.85E+11 9.14E+11 8.85E+11
37 Livestock 1.31E+11 1.18E+11 1.87E+11 2.53E+11 2.62E+11 3.07E+11
37 Wildlife 2.18E+11 1.96E+11 2.18E+11 2.11E+11 2.18E+11 2.11E+11
38 Human 2.46E+11 2.22E+11 2.46E+11 2.38E+11 2.46E+11 2.38E+11
38 Livestock 6.87E+10 6.21E+10 9.82E+10 1.33E+11 1.37E+11 1.61E+11
38 Wildlife 5.60E+10 5.42E+10 5.60E+10 5.06E+10 5.60E+10 5.42E+10

Tab .13 l / f the
n

Reach ID r ber

Monthly, directly deposited E. coli oads (cfu day) in each reach o
Balli ger Creek watershed (cont).

Source
Type

July August Septembe October November Decem

le E

37 Human 9.14E+11 9.14E+11 8.85E+11 9.14E+11 118.85E+11 9.14E+
37
37

Livestock
Wildlife

3.18E+11
2.18E+11

3.18E+11
2.18E+11

2.53E+11
2.11E+11

1.87E+1
2.18E+1

1 11
1 11
1 11
0 10
0 10

1.81E+1
2.11E+1

1 1.31E+
1 2.18E+

38
38

Human
Livestock

2.46E+11
1.67E+11

2.46E+11
1.67E+11

2.38E+11
1.33E+11

2.46E+1
9.82E+1

2.38E+11 2.46E+
0 6.87E+9.50E+1

5.42E+138 Wildlife 5.60E+10 5.60E+10 5.42E+10 5.60E+1 0 5.60E+

Tab .14 l / f the
Frisb

Reach ID March

Monthly, directly deposited E. coli oads (cfu day) in each reach ole E
y Branch watershed (subwatershed 2).

Source
Type

January February April May June

2 Human 3.50E+11 3.16E+11 3.50E+11 3.39E+11 3.50E+11 3.39E+11
2 Livestock 3.63E+10 3.28E+10 5.18E+10 7.02E+10 7.26E+10 8.53E+10
2 Wildlife 7.29E+10 6.58E+10 7.29E+10 7.05E+10 7.29E+10 7.05E+10

Tab .15 l / f the

Reach ID r October ber

ed E. colile E Monthly, directly deposit oads (cfu day) in each reach o
Frisby Branch watershed (cont).

Source
Type

July August Septembe November Decem

2 Human 3.50E+11 3.50E+11 3.39E+11 3.50E+11 113.39E+11 3.50E+
2 Livestock 8.81E+10 8.81E+10 7.02E+10 5.18E+10 10
2 Wildlife 7.29E+10 7.29E+10 7.05E+10 7.29E+10

5.02E+10 3.63E+
7.29E+10 7.05E+10
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.16 thly, directly deposited E. coli loads (cfu/day) in each reach of the
h River watershed (subwatersheds 13,14,15,16 & 22)

Reach ID ne

Mon
Nort .

Source
Type

January February March April May Ju

13 Human 2.25E+11 2.03E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11
13 L

Wildlife
ivestock 1.03E+10 9.33E+09 1.48E+10 2.00E+10 2.07E+10 2.43E+10

+10
+11
+11
+10
+11
+11
+10
+10

16 Livestock 1.43E+10 1.29E+10 2.04E+10 2.77E+10 2.86E+10 3.36E+10
16 Wildlife 3.37E+10 3.05E+10 3.37E+10 3.26E+10 3.37E+10 3.26E+10
22 Human 6.64E+11 5.99E+11 6.64E+11 6.42E+11 6.64E+11 6.42E+11
22 Livestock 3.93E+10 3.55E+10 5.61E+10 7.60E+10 7.86E+10 9.23E+10

13 9.71E+10 8.77E+10 9.71E+10 9.40E+10 9.71E+10 9.40E
14 Human 2.43E+11

2.18E+11
2.20E+11 2.43E+11 2.35E+11 2.43E+11 2.35E

14 L
Wildlife
ivestock 1.97E+11 3.11E+11 4.21E+11 4.35E+11 5.11E

14 9.71E+10 8.77E+10 9.71E+10 9.39E+10 9.71E+
1 2.44E+

10 9.39E
15 Human 2.44E+11 2.20E+11

9.35E+10
2.44E+11 2.36E+1 11 2.36E

15 L
Wildlife
ivestock 1.04E+11 1.48E+11 2.00E+11 2.07E+11 2.43E

15 8.10E+10 7.32E+10 8.10E+10 7.84E+10 8.10E+10 7.84E
16 Human 6.22E+10 5.61E+10 6.22E+10 6.01E+10 6.22E+10 6.01E

22 Wildlife 2.49E+11 2.25E+11 2.49E+11 2.41E+11 2.49E+11 2.41E+11

Tab E.1 e y e
tershed (co

Reach ID S

le 7 Monthly, directly deposit d E. coli loads (cfu/da ) in each r ach of the
North River wa nt).

Source
Type

July August eptember October November December

13 Human 2.25E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11 2.25E+11
13 L

Wildlife
ivestock 2.51E+10 2.51E+10 2.00E+10 1.48E+10

1

1.43E+10 1.03E+10
13 9.71E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10 9.71E+10
14 Human 2.43E+11 2.43E+11 2.35E+11 2.43E+11 2.35E+11 2.43E+11
14 L

Wildlife
ivestock 5.29E+11 5.29E+11 4.21E+11 3.11E+11 3.01E+11 2.18E+11

14 9.71E+10 9.71E+10 9.39E+10 9.71E+10 9.39E+10 9.71E+10
5

15
Human 2.44E+11 2.44E+11 2.36E+11 2.44E+11

1.48E+11
2.36E+11 2.44E+11

L
Wildlife
ivestock 2.52E+11 2.52E+11 2.00E+11 1.43E+11 1.04E+11

15 8.10E+10 8.10E+10 7.84E+10 8.10E+10 7.84E+10 8.10E+10
16 Human 6.22E+10 6.22E+10 6.01E+10 6.22E+10 6.01E+10 6.22E+10
16 L

Wildlife
ivestock 3.47E+10 3.47E+10 2.77E+10 2.04E+10 1.98E+10 1.43E+10

16 3.37E+10 3.37E+10 3.26E+10 3.37E+10 3.26E+10 3.37E+10
22 Human 6.64E+11 6.64E+11 6.42E+11 6.64E+11 6.42E+11 6.64E+11
22 L

Wildlife
ivestock 9.54E+10 9.54E+10 7.60E+10 5.61E+10 5.43E+10 3.93E+10

22 2.49E+11 2.49E+11 2.41E+11 2.49E+11 2.41E+11 2.49E+11
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.18 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Rock Island Creek watershed (subwatersheds 34,35 & 36).

January FebruaryReach ID 
Source
Type

March April May June

34 Human 6.41E+11 5.79E+11 6.41E+11 6.20E+11 6.41E+11 16.20E+1
34 Livestock 3.70E+10 3.35E+10 5.29E+10 7.17E+10 7.41E+10 0

1
1

ivestock 0
5.44E+10 0

4.55E+11 1
1
1

8.71E+1
34 Wildlife 1.28E+11 1.16E+11 1.28E+11 1.24E+11 1.28E+11 1.24E+1
35 Human

L
2.41E+11 2.18E+11 2.41E+11 2.34E+11 2.41E+11 2.34E+1

35 2.21E+10 2.00E+10 3.16E+10 4.29E+10 4.43E+10 5.20E+1
35 Wildlife 4.92E+10 5.44E+10 5.27E+10 5.44E+10 5.27E+1
36 Human 5.04E+11 5.04E+11 4.87E+11 5.04E+11 4.87E+1
36 Livestock 6.95E+10 6.28E+10 9.93E+10 1.34E+11 1.39E+11 1.63E+1
36 Wildlife 1.20E+11 1.08E+11 1.20E+11 1.16E+11 1.20E+11 1.16E+1

Table E.19 h ed o a  reach of the
Roc land atershed (c

Reach ID r

Mont ly, directly deposit E. coli l ads (cfu/d y) in each
k Is Creek w ont).

Source
Type

July August September October Novembe December

34 Human 6.41E+11 6.41E+11 6.20E+11 6.41E+11 6.20E+11 16.41E+1
34 Livestock 9.00E+10 9.00E+10 7.17E+10 5.29E+10 5.12E+10

1
1
0
0
1
0
1

3.70E+10
1.28E+134 Wildlife 1.28E+11 1.28E+11 1.24E+11 1.28E+11 1.24E+11

35 Human 2.41E+11 2.41E+11 2.34E+11 2.41E+11 2.34E+11 2.41E+1
35
35

Livestock 5.38E+10 5.38E+10 4.29E+10 3.16E+10 3.06E+10 2.21E+1
Wildlife
Human

5.44E+10 5.44E+10 5.27E+10 5.44E+10 5.27E+10 5.44E+1
36 5.04E+11 5.04E+11 4.87E+11 5.04E+11 4.87E+11 5.04E+1
36 Livestock 1.69E+11 1.69E+11 1.34E+11 9.93E+10 9.61E+10 6.95E+1
36 Wildlife 1.20E+11 1.20E+11 1.16E+11 1.20E+11 1.16E+11 1.20E+1

APPENDIX E E-9



TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.20 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Lower Slate River watershed (subwatersheds
1,2,3
8,29

,4,5 ,9,1 ,1 ,17 0 4 ,2
,30, & 3

Reach ID Ju

,6,7,8
31,32

0,11,12
3).

3,14,15,16 ,18,19,2 ,21,22,23,2 ,25,26,27

Source
Type

January February March April May ne

1 Human 5.77E+11 5.21E+11 5 . .7 8.77E+11 5 58E+11 5 7E+11 5.5 E+11
1 Livestock 8.09E+10 7.30E+10 1 . .6 0

1 . .9 1
3 . .5 9
5 . .2 3
7 . .2 5
1 . .9 8
1 . .2 8
9 . .3 8
2 . .4 1
5 . .1 7
3 . .6 53
1 . .6 7
2 . .6 3
3 . .2 3
3 . .5 9
8 . .1 7
9 . .5 1
1 .47E+12 .5 7
4 . .5 66
2 . .8 4
7 . .1 0
8 . .1 5
6 . .2 6
9 . .5 9
7 . .1 1
1 . .7 0
3 . .5 6

10 Livestock 3.26E+10 2.95E+10 4.66E+10 6.32E+10 6.53E+10 7.67E+10 
10 Wildlife 7.39E+10 6.68E+10 7.39E+10 7.15E+10 7.39E+10 7.15E+10 
11 Human 2.88E+11 2.60E+11 2.88E+11 2.79E+11 2.88E+11 2.79E+11 
11 Livestock 1.75E+10 1.58E+10 2.51E+10 3.40E+10 3.51E+10 4.12E+10 
11 Wildlife 5.05E+10 4.56E+10 5.05E+10 4.88E+10 5.05E+10 4.88E+10 
12 Human 5.12E+10 4.62E+10 5.12E+10 4.95E+10 5.12E+10 4.95E+10 
12 Livestock 2.28E+10 2.06E+10 3.26E+10 4.41E+10 4.56E+10 5.36E+10 
12 Wildlife 2.55E+10 2.30E+10 2.55E+10 2.47E+10 2.55E+10 2.47E+10 
13 Human 2.25E+11 2.03E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11 
13 Livestock 1.03E+10 9.33E+09 1.48E+10 2.00E+10 2.07E+10 2.43E+10 
13 Wildlife 9.71E+10 8.77E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10 
14 Human 2.43E+11 2.20E+11 2.43E+11 2.35E+11 2.43E+11 2.35E+11 
14 Livestock 2.18E+11 1.97E+11 3.11E+11 4.21E+11 4.35E+11 5.11E+11 
14 Wildlife 9.71E+10 8.77E+10 9.71E+10 9.39E+10 9.71E+10 9.39E+10 

.16E+11 1 56E+11 1 2E+11 1.9 E+11
1 Wildlife 1.97E+11 1.78E+11 .97E+11 1 91E+11 1 7E+11 1.9 E+11
2 Human 3.50E+11 3.16E+11 .50E+11 3 39E+11 3 0E+11 3.3 E+11
2 Livestock 3.63E+10 3.28E+10 .18E+10 7 02E+10 7 6E+10 8.5 E+10
2 Wildlife 7.29E+10 6.58E+10 .29E+10 7 05E+10 7 9E+10 7.0 E+10
3
3

Human 1.95E+11
1.14E+11

1.76E+11
1.03E+11

.95E+11 1

.63E+11 2
88E+11 1
20E+11 2

5E+11 1.8
8E+11 2.6

E+11
E+11Livestock

3 Wildlife 9.39E+10 8.48E+10 .39E+10 9 08E+10 9 9E+10 9.0 E+10
4
4

Human 2.49E+11
4.07E+10

2.25E+11
3.68E+10

.49E+11 2

.82E+10 7
41E+11 2
88E+10 8

9E+11 2.4
5E+10 9.5

E+11
E+10Livestock

4 Wildlife 3.64E+10 3.29E+10 .64E+10 3 53E+10 3 4E+10 3. E+10
5 Human 1.63E+11 1.47E+11 .63E+11 1 57E+11 1 3E+11 1.5 E+11
5 Livestock 1.84E+10 1.66E+10 .63E+10 3 57E+10 3 8E+10 4.3 E+10
5 Wildlife 3.23E+10 2.92E+10 .23E+10 3 13E+10 3 3E+10 3.1 E+10
6 Human 3.50E+11 3.16E+11 .50E+11 3 39E+11 3 0E+11 3.3 E+11
6 Livestock 5.82E+10 5.26E+10 .32E+10 1 13E+11 1 6E+11 1.3 E+11
6 Wildlife 9.52E+10 8.59E+10 .52E+10 9 21E+10 9

1
2E+10 9.2 E+10

7 Human 1.52E+12
3.26E+11

1.37E+12 .52E+12 1 2E+12 1.4
2E+11 7.

E+12
7 Livestock 2.94E+11 .66E+11 6 31E+11 6 E+11
7 Wildlife 2.84E+11 2.56E+11 .84E+11 2 74E+11 2 4E+11 2.7 E+11
8 Human 7.13E+10 6.44E+10 .13E+10 6 90E+10 7 3E+10 6.9 E+10
8 Livestock

Wildlife
5.73E+09 5.17E+09 .18E+09 1 11E+10 1 5E+10 1.3 E+10

8 6.26E+10 5.65E+10 .26E+10 6 06E+10 6 6E+10 6.0 E+10
9 Human 9.50E+11 8.58E+11 .50E+11 9 19E+11 9 0E+11 9.1 E+11
9 Livestock 5.57E+10 5.03E+10 .96E+10 1 08E+11 1 1E+11 1.3 E+11
9

10
Wildlife
Human

1.75E+11
3.57E+11

1.58E+11
3.23E+11

.75E+11 1

.57E+11 3
70E+11 1
46E+11 3

5E+11 1.7
7E+11 3.4

E+11
E+11
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.21 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Lower Slate River watershed (cont).
urce

January February March April MayReach ID 
So

June
Type

15 H 2. 2.36 2.44E .36E+uman 2.44E+11 2.20E+11 44E+11 E+11 +11 2 11
15 Livestock 1 . .0 3

8 . .1 4
16 6 . 2 1

Livestock 1.43E+10 2 . .8 6
3 . .3 6
4 . 84E+10 4.69

17 Livestock 9.53E+09 1 . .9 4
1 . .2 4
4 . 9 0

Livestock 2 . .8 9
2 . .80E+11 2.71E+11 

8.92E+10 9 . 8 5
Livestock 4 .22E+10 6.4 6

4 . .7 6
8.59E+10 9 . 5 0

Livestock 2 . .6 0
2 . .72E+10 2.64
1 . 3 8

Livestock 2 . .9 5
2 . .7 1
6 . 6 2

Livestock 5.61E+10 7. .8 3
2.49E+11 2. .4 1
1 . 1 4

Livestock 1 . .5 8
1 . .3 0

Human 4 . 9 1
Livestock 5 . .6 2

4 . .1 3
2 . 8 3

Livestock 1 . .64E+11 3.10
1 . .2 4
1 . 5 0

Livestock 2 . .7 3
3 . .7 6
2 . 0 8

Livestock 2 . .4 4
1.81E+11 1 . .8 5

6 . 4 1
Livestock 6 . .4 1

7.63E+10 8 . .4 7
1 . 3 6

Livestock 1 . .9 2
5.61E+10 5.43E+10 5.61E+10 5.43

1.04E+11 9.35E+10 .48E+11 2 00E+11 2 7E+11 2.4 E+11
15 Wildlife 8.10E+10 7.32E+10 .10E+10 7 84E+10 8 0E+10 7.8 E+10

Human 6.22E+10 5.61E+10 .22E+10 6 01E+10 6. 2E+10 6.0 E+10
16 1.29E+10 .04E+10 2 77E+10 2 6E+10 3.3 E+10
16 Wildlife 3.37E+10 3.05E+10 .37E+10 3 26E+10 3 7E+10 3.2 E+10
17 Human 4.84E+10 4.38E+10 .84E+10 4 69E+10 4. E+10

8.61E+09 .36E+10 1 84E+10 1 1E+10 2.2 E+10
17 Wildlife 1.28E+10 1.16E+10 .28E+10 1 24E+10 1 8E+10 1.2 E+10
18 Human 4.96E+11 4.48E+11 .96E+11 4 80E+11 4. 6E+11 4.8 E+11
18 1.40E+11 1.26E+11 .00E+11 2 71E+11 2 0E+11 3.2 E+11
18 Wildlife 2.80E+11 2.53E+11 .80E+11 2 71E+11 2
19 Human 9.87E+10 .87E+10 9 55E+10 9. 7E+10 9.5 E+10
19 3.22E+10 2.90E+10 .59E+10 6 3E+10 7.5 E+10
19 Wildlife 4.71E+10 4.26E+10 .71E+10 4 56E+10 4 1E+10 4.5 E+10
20 Human 9.51E+10 .51E+10 9 20E+10 9. 1E+10 9.2 E+10
20 1.83E+10 1.65E+10 .61E+10 3 54E+10 3 6E+10 4.3 E+10
20 Wildlife 2.72E+10 2.46E+10 .72E+10 2 64E+10 2 E+10
21 Human 1.32E+12 1.20E+12 .32E+12 1 28E+12 1. 2E+12 1.2 E+12
21 1.47E+11 1.33E+11 .10E+11 2 84E+11 2 3E+11 3.4 E+11
21 Wildlife 2.70E+11 2.44E+11 .70E+11 2 61E+11 2 0E+11 2.6 E+11
22 Human 6.64E+11 5.99E+11 .64E+11 6 42E+11 6. 4E+11 6.4 E+11
22 3.93E+10 3.55E+10 60E+10 7 6E+10 9.2 E+10
22 Wildlife 2.49E+11 2.25E+11 41E+11 2 9E+11 2.4 E+11
23 Human 1.18E+12 1.06E+12 .18E+12 1 14E+12 1. 8E+12 1.1 E+12
23 7.59E+10 6.86E+10 .08E+11 1 47E+11 1 2E+11 1.7 E+11
23 Wildlife 1.34E+11 1.21E+11 .34E+11 1 30E+11 1 4E+11 1.3 E+11
24 4.97E+11 4.49E+11 .97E+11 4 81E+11 4. 7E+11 4.8 E+11
24 3.84E+11 3.46E+11 .48E+11 7 42E+11 7 7E+11 9.0 E+11
24 Wildlife 4.17E+11 3.77E+11 .17E+11 4 03E+11 4 7E+11 4.0 E+11
25 Human 2.82E+11 2.55E+11 .82E+11 2 73E+11 2. 2E+11 2.7 E+11
25 1.32E+11 1.19E+11 .88E+11 2 55E+11 2 E+11
25 Wildlife 1.28E+11 1.16E+11 .28E+11 1 24E+11 1 8E+11 1.2 E+11
26 Human 1.55E+11 1.40E+11 .55E+11 1 50E+11 1. 5E+11 1.5 E+11
26 1.89E+10 1.70E+10 .69E+10 3 65E+10 3 7E+10 4.4 E+10
26 Wildlife 3.78E+10 3.42E+10 .78E+10 3 66E+10 3 8E+10 3.6 E+10
27 Human 2.04E+12 1.85E+12 .04E+12 1 98E+12 2. 4E+12 1.9 E+12
27 1.72E+11 1.55E+11 .45E+11 3 32E+11 3 4E+11 4.0 E+11
27 Wildlife 1.63E+11 .81E+11 1 75E+11 1 1E+11 1.7 E+11
28 Human 6.42E+11 5.80E+11 .42E+11 6 21E+11 6. 2E+11 6.2 E+11
28 4.73E+10 4.27E+10 .76E+10 9 15E+10 9 6E+10 1.1 E+11
28 Wildlife 8.45E+10 .45E+10 8 17E+10 8 5E+10 8.1 E+10
29 Human 1.30E+11 1.17E+11 .30E+11 1 26E+11 1. 0E+11 1.2 E+11
29 9.89E+09 8.93E+09 .41E+10 1 91E+10 1 8E+10 2.3 E+10
29 Wildlife 5.61E+10 5.07E+10 E+10
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.22 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Lower Slate River watershed (cont).

Reach ID 
Source
Type

January February AMarch pril May June

30 Human 6.93E+11 6.26E+11 6 ..93E+11 6 70E+11 6.93E+11 6.70E+11 
30 Livestock 1.27E+11 1.15E+11 1 . .5 9

1 . .8 5
31 2 . 9 6

4 . .1 3
3 . .4 7
1 . 5 2
8 . .2 2
9 . .5 2
1 . 5 7
5 . .1 4
1 . .3 7

.82E+11 2 46E+11 2 5E+11 2.9 E+11
30 Wildlife 1.80E+11 1.63E+11 .80E+11 1 75E+11 1 0E+11 1.7 E+11

Human 2.95E+11 2.67E+11 .95E+11 2 86E+11 2. 5E+11 2.8 E+11
31 Livestock 3.08E+10 2.78E+10 .39E+10 5 95E+10 6 5E+10 7.2 E+10
31 Wildlife 3.48E+10 3.15E+10 .48E+10 3 37E+10 3 8E+10 3.3 E+10
32 Human 1.57E+12 1.42E+12 .57E+12 1 52E+12 1. 7E+12 1.5 E+12
32 Livestock 6.04E+10 5.46E+10 .63E+10 1 17E+11 1 1E+11 1.4 E+11
32 Wildlife 9.53E+10 8.61E+10 .53E+10 9 22E+10 9 3E+10 9.2 E+10
33 Human 1.52E+12 1.37E+12 .52E+12 1 47E+12 1. 2E+12 1.4 E+12
33 Livestock 4.06E+10 3.67E+10 .80E+10 7 86E+10 8 2E+10 9.5 E+10
33 Wildlife 1.31E+11 1.18E+11 .31E+11 1 27E+11 1 1E+11 1.2 E+11

Tab E.2 e a y e
h

Reach ID S N

le 3 Monthly, directly deposit d E. coli lo ds (cfu/da ) in each r ach of the
Lower Slate River waters ed (cont).

Source
Type

July August eptember October ovember December

1 Human 5.77E+11 5.77E+11 5.58E+11 5.77E+11 5.58E+11 5.77E+11
1 Livestock 1.96E+11 1.96E+11 1.56E+11 1.16E+11 1.12E+11 8.09E+10
1 Wildlife 1.97E+11 1.97E+11 1.91E+11 1.97E+11 1.91E+11 1.97E+11
2 Human 3.50E+11 3.50E+11 3.39E+11 3.50E+11 3.39E+11 3.50E+11
2

5

1.47E+12

Livestock 8.81E+10 8.81E+10 7.02E+10 5.18E+10 5.02E+10 3.63E+10
2 Wildlife 7.29E+10 7.29E+10 7.05E+10 7.29E+10 7.05E+10 7.29E+10
3 Human 1.95E+11 1.95E+11 1.88E+11 1.95E+11 1.88E+11 1.95E+11
3 Livestock 2.77E+11 2.77E+11 2.20E+11 1.63E+11 1.57E+11 1.14E+11
3 Wildlife 9.39E+10 9.39E+10 9.08E+10 9.39E+10 9.08E+10 9.39E+10
4 Human 2.49E+11 2.49E+11 2.41E+11 2.49E+11 2.41E+11 2.49E+11
4 Livestock 9.89E+10 9.89E+10 7.88E+10 5.82E+10 5.63E+10 4.07E+10
4 Wildlife 3.64E+10 3.64E+10 3.53E+10 3.64E+10 3.53E+10 3.64E+10

Human 1.63E+11 1.63E+11 1.57E+11 1.63E+11 1.57E+11 1.63E+11
5 Livestock 4.47E+10 4.47E+10 3.57E+10 2.63E+10 2.55E+10 1.84E+10
5 Wildlife 3.23E+10 3.23E+10 3.13E+10 3.23E+10 3.13E+10 3.23E+10
6 Human 3.50E+11 3.50E+11 3.39E+11 3.50E+11 3.39E+11 3.50E+11
6 Livestock 1.41E+11 1.41E+11 1.13E+11 8.32E+10 8.05E+10 5.82E+10
6 Wildlife 9.52E+10 9.52E+10 9.21E+10 9.52E+10 9.21E+10 9.52E+10
7 Human 1.52E+12 1.52E+12 1.47E+12 1.52E+12 1.52E+12
7 Livestock 7.92E+11 7.92E+11 6.31E+11 4.66E+11 4.51E+11 3.26E+11
7 Wildlife 2.84E+11 2.84E+11 2.74E+11 2.84E+11 2.74E+11 2.84E+11
8 Human 7.13E+10 7.13E+10 6.90E+10 7.13E+10 6.90E+10 7.13E+10
8 Livestock 1.39E+10 1.39E+10 1.11E+10 8.18E+09 7.92E+09 5.73E+09
8 Wildlife 6.26E+10 6.26E+10 6.06E+10 6.26E+10 6.06E+10 6.26E+10
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.24 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Lower Slate River watershed (cont).

Reach ID 
Source
Type

July August S er er ber mbereptemb Octob Novem Dece

9 Human 9.50E+11 9.50E+11 9.19E+11 9.50E+11 9.19E+11 9.50E+11
9 Livestock 1.35E+11 1.35E+11 1.08E+11 7.96E+10 7.70E+10 5.57E+10

11
11
10
10
11
10
10

12 Livestock 5.53E+10 5.53E+10 4.41E+10 3.26E+10 3.15E+10 2.28E+10
12 Wildlife 2.55E+10 2.55E+10 2.47E+10 2.55E+10 2.47E+10 2.55E+10
13 Human 2.25E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11 2.25E+11

14 Hu 11 2.43E+11 2.35E+11 2.43E+11
L 5. 1 5
W 9. 0 9

18 Human 4.96E+11 4.96E+11 4.80E+11 4.96E+11 4.80E+11 4.96E+11
18 Livestock 3.40E+11 3.40E+11 2.71E+11 2.00E+11 1.94E+11 1.40E+11
18 Wildlife 2.80E+11 2.80E+11 2.71E+11 2.80E+11 2.71E+11 2.80E+11
19 Human 9.87E+10 9.87E+10 9.55E+10 9.87E+10 9.55E+10 9.87E+10
19 Livestock 7.81E+10 7.81E+10 6.22E+10 4.59E+10 4.45E+10 3.22E+10
19 Wildlife 4.71E+10 4.71E+10 4.56E+10 4.71E+10 4.56E+10 4.71E+10
20 Human 9.51E+10 9.51E+10 9.20E+10 9.51E+10 9.20E+10 9.51E+10
20 Livestock 4.44E+10 4.44E+10 3.54E+10 2.61E+10 2.53E+10 1.83E+10
20 Wildlife 2.72E+10 2.72E+10 2.64E+10 2.72E+10 2.64E+10 2.72E+10
21 Human 1.32E+12 1.32E+12 1.28E+12 1.32E+12 1.28E+12 1.32E+12
21 Livestock 3.56E+11 3.56E+11 2.84E+11 2.10E+11 2.03E+11 1.47E+11
21 Wildlife 2.70E+11 2.70E+11 2.61E+11 2.70E+11 2.61E+11 2.70E+11
22 Human 6.64E+11 6.64E+11 6.42E+11 6.64E+11 6.42E+11 6.64E+11
22 Livestock 9.54E+10 9.54E+10 7.60E+10 5.61E+10 5.43E+10 3.93E+10
22 Wildlife 2.49E+11 2.49E+11 2.41E+11 2.49E+11 2.41E+11 2.49E+11
23 Human 1.18E+12 1.18E+12 1.14E+12 1.18E+12 1.14E+12 1.18E+12
23 Livestock 1.84E+11 1.84E+11 1.47E+11 1.08E+11 1.05E+11 7.59E+10
23 Wildlife 1.34E+11 1.34E+11 1.30E+11 1.34E+11 1.30E+11 1.34E+11

9 Wildlife 1.75E+11 1.75E+11 1.70E+11 1.75E+11 1.70E+11 1.75E+
10 Human 3.57E+11 3.57E+11 3.46E+11 3.57E+11 3.46E+11 3.57E+
10 Livestock 7.93E+10 7.93E+10 6.32E+10 4.66E+10 4.51E+10 3.26E+
10 Wildlife 7.39E+10 7.39E+10 7.15E+10 7.39E+10 7.15E+10 7.39E+
11 Human 2.88E+11 2.88E+11 2.79E+11 2.88E+11 2.79E+11 2.88E+
11 Livestock 4.26E+10 4.26E+10 3.40E+10 2.51E+10 2.43E+10 1.75E+
11
12 Hu

Wildlife
man

5.05E+10
5.12E+10

5.05E+10
5.12E+10

4.88E+10
4.95E+10

5.05E+1
5.12E+10

0 4.88E+1
4.95E+10

0 5.05E+
5.12E+10

13 Livestock 2.51E+10 2.51E+10 2.00E+10 1.48E+10 1.43E+10 1.03E+10
13 Wildlife 9.71E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10 9.71E+10

man 2.43E+11 2.43E+11 2.35E+
14
14

ivestock
ildlife

29E+1
71E+1

.29E+11

.71E+10
4.21E+11
9.39E+10

3.11E+11
9.71E+10

3.01E+11
9.39E+10

2.18E+11
9.71E+10

15 Human 2.44E+11 2.44E+11 2.36E+11 2.44E+11 2.36E+11 2.44E+11
15 Livestock 2.52E+11 2.52E+11 2.00E+11 1.48E+11 1.43E+11 1.04E+11
15 Wildlife 8.10E+10 8.10E+10 7.84E+10 8.10E+10 7.84E+10 8.10E+10
16 Human 6.22E+10 6.22E+10 6.01E+10 6.22E+10 6.01E+10 6.22E+10
16 Livestock 3.47E+10 3.47E+10 2.77E+10 2.04E+10 1.98E+10 1.43E+10
16 Wildlife 3.37E+10 3.37E+10 3.26E+10 3.37E+10 3.26E+10 3.37E+10
17 Human 4.84E+10 4.84E+10 4.69E+10 4.84E+10 4.69E+10 4.84E+10
17 Livestock 2.31E+10 2.31E+10 1.84E+10 1.36E+10 1.32E+10 9.53E+09
17 Wildlife 1.28E+10 1.28E+10 1.24E+10 1.28E+10 1.24E+10 1.28E+10
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.25 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Lower Slate River watershed (cont).

Reach ID 
Source
Type

July August S r O No er D ereptembe ctober vemb ecemb

24 Human 4.97E+11 4.97E+11 4.81E+11 4.97E+11 4.81E+11 4.97E+11
24 L

Wildlife
ivestock 9.32E+11 9.32E+11 7.42E+11 5.48E+11 5.30E+11 3.84E+11

24 4.17E+11 4.17E+11 4.03E+11 4.17E+11 4.03E+11 4.17E+11
25 Human 2.82E+11 2.82E+11 2.73E+11 2.82E+11 2.73E+11 2.82E+11
25 L

Wildlife
ivestock 3.20E+11 3.20E+11 2.55E+11 1.88E+11 1.82E+11 1.32E+11

25 1.28E+11 1.28E+11 1.24E+11 1.28E+11 1.24E+11 1.28E+11
26 Human 1.55E+11 1.55E+11 1.50E+11 1.55E+11 1.50E+11 1.55E+11
26 Livestock 4.58E+10 4.58E+10 3.65E+10 2.69E+10 2.61E+10 1.89E+10
26 Wildlife 3.78E+10 3.78E+10 3.66E+10 3.78E+10 3.66E+10 3.78E+10
27 Human 2.04E+12 2.04E+12 1.98E+12 2.04E+12 1.98E+12 2.04E+12

2.37E+11

28 Hu 42E+11 6.21E+11 6.42E+11
1.15E+11 1.15E+11

W 8. 0 8
1.30E+11

1.91E+10

31 Livestock 7.47E+10 7.47E+10 5.95E+10 4.39E+10 4.25E+10 3.08E+10

u
32 Live 8.63E+10 8.35E+10 6.04E+10
32 ldlife 9.22E+10 9.53E+10 9.22E+10 9.53E+10
33 Human 1.52E +12 1.47E+12 1.52E+12 1.47E+12 1.52E+12

Livestock 9.86E+10 .86E+10 7.86E+10 5.80E+10 5.61E+10 4.06E+10
fe 1.31E +11 1.27E+11 1.31E+11 1.27E+11 1.31E+11

27 Livestock 4.17E+11 4.17E+11 3.32E+11 2.45E+11 1.72E+11
27 Wildlife 1.81E+11 1.81E+11 1.75E+11 1.81E+11 1.75E+11 1.81E+11

man 6.42E+11 6.42E+11 6.21E+11 6.
28 Livestock 
28

9.15E+10 6.76E+10
8.17E+10

6.54E+10
8.17E+10

4.73E+10
8.45E+10ildlife 45E+1 .45E+10 8.45E+10

29 Human 1.30E+11 1.30E+11 1.26E+11 1.30E+11 1.26E+11
29 Livestock 2.40E+10 2.40E+10 1.41E+10 1.37E+10 9.89E+09
29 Wildlife 5.61E+10 5.61E+10 5.43E+10 5.61E+10 5.43E+10 5.61E+10
30 Human 6.93E+11 6.93E+11 6.70E+11 6.93E+11 6.70E+11 6.93E+11
30 Livestock 3.09E+11 3.09E+11 2.46E+11 1.82E+11 1.76E+11 1.27E+11
30
31 Hu

Wildlife
man

1.80E+11
2.95E+11

1.80E+11
2.95E+11

1.75E+11
2.86E+11

1.80E+11
2.95E+11

1.75E+11
2.86E+11

1.80E+11
2.95E+11

31 Wildlife 3.48E+10 3.48E+10 3.37E+10 3.48E+10 3.37E+10 3.48E+10
32 H man 1.57E+12 1.57E+12 1.52E+12 1.57E+12 1.52E+12 1.57E+12

stock 1.47E+11 1.47E+11 1.17E+11
Wi 9.53E+10 9.53E+10

+12 1.52E
33 9
33 Wildli +11 1.31E
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.26 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Upper Slate River watershed (subwatersheds

Reach ID 
So

ype
March April May June

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,21,22 & 23). 

urce
T

January February

1 Human 5.77E +11 5.77E+11 5.58E+11 5.77E+11 5.58E+11+11 5.21E
1 Livestock 8.09E+10 .30E+10 1.16E+11 1.56E+11 1.62E+11 1.90E+11

fe 1.97E +11 1.97E+11 1.91E+11 1.97E+11 1.91E+11
n 3.50E+11 +11 3.50E+11 3.39E+11 3.50E+11 3.39E+11

Livestock 3.63E+10 +10 5.18E+10 7.02E+10 7.26E+10 8.53E+10
2 Wildlife 7.29E +10 7.29E+10 7.05E+10 7.29E+10 7.05E+10

Human 1.95E+11 .76E+11 1.95E+11 1.88E+11 1.95E+11 1.88E+11
3 Livestock 1.14E +11 1.63E+11 2.20E+11 2.28E+11 2.68E+11
3 Wildlife 9.39E +10 9.39E+10 9.08E+10 9.39E+10 9.08E+10
4 Human 2.49E +11 2.49E+11 2.41E+11 2.49E+11 2.41E+11
4 Livestock 4.07E +10 5.82E+10 7.88E+10 8.15E+10 9.57E+10
4 Wildlife 3.64E+10 3.29E+10 3.64E+10 3.53E+10 3.64E+10 3.53E+10
5 Human 1.63E +11 1.63E+11 1.57E+11 1.63E+11 1.57E+11
5 Livestock 1.84E +10 2.63E+10 3.57E+10 3.68E+10 4.33E+10
5 Wildlife 3.23E +10 3.23E+10 3.13E+10 3.23E+10 3.13E+10
6 Human 3.50E+11 3.50E+11 3.39E+11 3.50E+11 3.39E+11
6 Livestock 5.82E+10 5.26E+10 8.32E+10 1.13E+11 1.16E+11 1.37E+11
6 Wildlife 9.52E+10 8.59E+10 9.52E+10 9.21E+10 9.52E+10 9.21E+10

13 Human 2.25E+11 2.03E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11
13 Livestock 1.03E+10 9.33E+09 1.48E+10 2.00E+10 2.07E+10 2.43E+10

u
14 Live 4.21E+11 4.35E+11 5.11E+11
14 Wildlife 9.71E+10 9.39E+10 9.71E+10 9.39E+10
15 Human 2 2.44E+11 2.36E+11 2.44E+11 2.36E+11
15 Livestock 1.04E +10 1.48E+11 2.00E+11 2.07E+11 2.43E+11
15 Wildlife 8.10E+10 .32E+10 8.10E+10 7.84E+10 8.10E+10 7.84E+10

n 6.22E +10 6.22E+10 6.01E+10 6.22E+10 6.01E+10
Livestock 1.43E+10 .29E+10 2.04E+10 2.77E+10 2.86E+10 3.36E+10

16 Wildlife 3.37E +10 3.37E+10 3.26E+10 3.37E+10 3.26E+10
17 Human 4.84E+10 +10 4.84E+10 4.69E+10 4.84E+10 4.69E+10
17 Livestock 9.53E+09 +09 1.36E+10 1.84E+10 1.91E+10 2.24E+10
17 Wildlife 1.28E +10 1.28E+10 1.24E+10 1.28E+10 1.24E+10
18 Human 4.96E +11 4.96E+11 4.80E+11 4.96E+11 4.80E+11
18 Livestock 1.40E +11 2.00E+11 2.71E+11 2.80E+11 3.29E+11
18 Wildlife 2.80E +11 2.80E+11 2.71E+11 2.80E+11 2.71E+11
21 Human 1.32E +12 1.32E+12 1.28E+12 1.32E+12 1.28E+12
21 Livestock 1.47E +11 2.10E+11 2.84E+11 2.93E+11 3.45E+11
21 Wildlife 2.70E +11 2.70E+11 2.61E+11 2.70E+11 2.61E+11
22 Human 6.64E +11 6.64E+11 6.42E+11 6.64E+11 6.42E+11
22 Livestock 3.93E +10 5.61E+10 7.60E+10 7.86E+10 9.23E+10
22 Wildlife 2.49E+11 2.25E+11 2.49E+11 2.41E+11 2.49E+11 2.41E+11
23 Human 1.18E+12 1.06E+12 1.18E+12 1.14E+12 1.18E+12 1.14E+12
23 Livestock 7.59E+10 6.86E+10 1.08E+11 1.47E+11 1.52E+11 1.78E+11
23 Wildlife 1.34E+11 1.21E+11 1.34E+11 1.30E+11 1.34E+11 1.30E+11

7
1 Wildli

Huma
+11 1.78E

.16E2
2

3
3.28E

+10 6.58E
3 1

+11 1.03E
+10 8.48E
+11 2.25E
+10 3.68E

+11 1.47E
+10 1.66E
+10 2.92E

3.16E+11

13 Wildlife 9.71E+10 8.77E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10
14 H man 2.43E+11 2.20E+11 2.43E+11 2.35E+11 2.43E+11 2.35E+11

stock 2.18E+11 1.97E+11 3.11E+11
9.71E+10 8.77E+10
.44E +11+11 2.20E

+11 9.35E
7

16 Huma +10 5.61E
16 1

+10 3.05E
.38E4

8.61E
+10 1.16E
+11 4.48E
+11 1.26E
+11 2.53E
+12 1.20E
+11 1.33E
+11 2.44E
+11 5.99E
+10 3.55E
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.27 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Upper Slate River watershed (cont). 

Reach ID 
o
T

mber December
S urce

ype
July August September October Nove

1 Human 5.58E+11 5.77E+11 5.58E+11 5.77E+115.77E+11 5.77E+11
1 Livestock 1.96E +11 1.56E+11 1.16E+11 1.12E+11 8.09E+10

Wildlife 1.97E+11 1.91E+11 1.97E+11 1.91E+11 1.97E+11
n 3.50E+11 3.39E+11 3.50E+11 3.39E+11 3.50E+11
ck 8.81E +10 7.02E+10 5.18E+10 5.02E+10 3.63E+10

2 Wildlife 7.29E+10 .29E+10 7.05E+10 7.29E+10 7.05E+10 7.29E+10
3 Human 1.95E +11 1.88E+11 1.95E+11 1.88E+11 1.95E+11

Livestock 2.77E+11 .77E+11 2.20E+11 1.63E+11 1.57E+11 1.14E+11
9.39E +10 9.08E+10 9.39E+10 9.08E+10 9.39E+10

4 Human 2.49E +11 2.41E+11 2.49E+11 2.41E+11 2.49E+11
4 Livestock 9.89E +10 7.88E+10 5.82E+10 5.63E+10 4.07E+10
4 Wildlife 3.64E +10 3.53E+10 3.64E+10 3.53E+10 3.64E+10
5 Human 1.63E +11 1.57E+11 1.63E+11 1.57E+11 1.63E+11
5 Livestock 4.47E +10 3.57E+10 2.63E+10 2.55E+10 1.84E+10
5 Wildlife 3.23E +10 3.13E+10 3.23E+10 3.13E+10 3.23E+10
6 Human 3.50E+11 3.39E+11 3.50E+11 3.39E+11 3.50E+11
6 Livestock 1.41E +11 1.13E+11 8.32E+10 8.05E+10 5.82E+10
6 Wildlife 9.52E +10 9.21E+10 9.52E+10 9.21E+10 9.52E+10

13 Human 2.25E+11 2.25E+11 2.18E+11 2.25E+11 2.18E+11 2.25E+11
13 Livestock 2.51E+10 2.51E+10 2.00E+10 1.48E+10 1.43E+10 1.03E+10
13 Wildlife 9.71E+10 9.71E+10 9.40E+10 9.71E+10 9.40E+10 9.71E+10
14 Human 2.43E+11 2.43E+11 2.35E+11 2.43E+11 2.35E+11 2.43E+11

1
14 Wi 10 9.71E+10
15 Hu 2.44E+11
15 stock 2.00E+11 1.48E+11 1.43E+11 1.04E+11
15 Wildlife 8.10E +10 7.84E+10 8.10E+10 7.84E+10 8.10E+10

Human 6.22E+10 .22E+10 6.01E+10 6.22E+10 6.01E+10 6.22E+10
ck 3.47E +10 2.77E+10 2.04E+10 1.98E+10 1.43E+10
fe 3.37E+10 +10 3.26E+10 3.37E+10 3.26E+10 3.37E+10

uman 4.84E +10 4.69E+10 4.84E+10 4.69E+10 4.84E+10
17 Livestock 2.31E +10 1.84E+10 1.36E+10 1.32E+10 9.53E+09

Wildlife 1.28E+10 .28E+10 1.24E+10 1.28E+10 1.24E+10 1.28E+10
18 Human 4.96E +11 4.80E+11 4.96E+11 4.80E+11 4.96E+11
18 Livestock 3.40E +11 2.71E+11 2.00E+11 1.94E+11 1.40E+11
18 Wildlife 2.80E +11 2.71E+11 2.80E+11 2.71E+11 2.80E+11
21 Human 1.32E +12 1.28E+12 1.32E+12 1.28E+12 1.32E+12
21 Livestock 3.56E +11 2.84E+11 2.10E+11 2.03E+11 1.47E+11
21 Wildlife 2.70E +11 2.61E+11 2.70E+11 2.61E+11 2.70E+11
22 Human 6.64E +11 6.42E+11 6.64E+11 6.42E+11 6.64E+11
22 Livestock 9.54E +10 7.60E+10 5.61E+10 5.43E+10 3.93E+10
22 Wildlife 2.49E +11 2.41E+11 2.49E+11 2.41E+11 2.49E+11
23 Human 1.18E+12 1.14E+12 1.18E+12 1.14E+12 1.18E+12
23 Livestock 1.84E+11 1.84E+11 1.47E+11 1.08E+11 1.05E+11 7.59E+10
23 Wildlife 1.34E+11 1.34E+11 1.30E+11 1.34E+11 1.30E+11 1.34E+11

+11 1.96E
1.97E+111

2 Huma
2 Livesto

3.50E+11
+10 8.81E

7
+11 1.95E

3
3 Wildlife 

2
+10 9.39E
+11 2.49E
+10 9.89E
+10 3.64E
+11 1.63E
+10 4.47E
+10 3.23E

3.50E+11
+11 1.41E
+10 9.52E

14 Livestock 5.29E+11 5.29E+11 4.21E+11 3.11E+11 3.01E+11 2.18E+1
ldlife 9.71E+10 9.71E+10 9.39E+10 9.71E+10 9.39E+
man 2.44E+11 2.36E+11 2.44E+11 2.36E+112.44E+11

2.52E+11 2.52E+11Live
+10 8.10E

16 6
16 Livesto

Wildli
+10 3.47E

.37E16
17

3
H +10 4.84E

+10 2.31E
17 1

+11 4.96E
+11 3.40E
+11 2.80E
+12 1.32E
+11 3.56E
+11 2.70E
+11 6.64E
+10 9.54E
+11 2.49E

1.18E+12
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.28 Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Totier Creek watershed (subwatersheds 39,40 & 41). 

Reach ID 
o
T

pril May June
S urce

ype
January February March A

39 Human 1.11E+12 1.00E+12 1.11E+12 1.07E+12 1.11E+12 1.07E+12 
39 Live +11 1.85E+11 2.50E+11 2.59E+11 3.04E+11 
39 ldlife .43E+11 3.32E+11 3.43E+11 3.32E+11 
40 man 1.92E+10 1.73E+10 1.92E+10 1.86E+10 1.92E+10 1.86E+10 

Livestock 4.35E+09 3.93E+09 6.21E+09 8.41E+09 8.69E+09 1.02E+10 
5.42E+10 4.90E+10 5.42E+10 5.25E+10 5.42E+10 5.25E+10 

n 5.06E+11 4.57E+11 5.06E+11 4.90E+11 5.06E+11 4.90E+11 
Livestock 5.26E+10 4.75E+10 7.51E+10 1.02E+11 1.05E+11 1.24E+11 

41 ildlife 1.28E+11 1.16E+11 1.28E+11 1.24E+11 1.28E+11 1.24E+11 

stock 1.29E+11 1.17E
Wi
Hu

3.43E+11 3.10E+11 3

40
40 Wildlife
41 Huma
41

W

Table E Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Totier Cree ed (cont).

Reach
pe

July August September October November December

.29
k watersh

ID
Source
Ty

39 Human 1.11E+12 1.11E+12 1.07E+12 1.11E+12 1.07E+12 1.11E+12
39 Livestock 3.14E +11 2.50E+11 1.85E+11 1.79E+11 1.29E+11
39 Wildlife 3.43E+11 3.43E+11 3.32E+11 3.43E+11 3.32E+11 3.43E+11
40 Human 1.92E+10 1.92E+10 1.86E+10 1.92E+10 1.86E+10 1.92E+10
40 Livestock 1.06E+10 1.06E+10 8.41E+09 6.21E+09 6.01E+09 4.35E+09
40 Wildlife 5.42E+10 5.42E+10 5.25E+10 5.42E+10 5.25E+10 5.42E+10
41 Human 5.06E+11 5.06E+11 4.90E+11 5.06E+11 4.90E+11 5.06E+11
41 Livestock 1.28E+11 1.28E+11 1.02E+11 7.51E+10 7.27E+10 5.26E+10
41 Wildlife 1.28E+11 1.28E+11 1.24E+11 1.28E+11 1.24E+11 1.28E+11

+11 3.14E
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TMDL Development James River Tributaries in 
Albemarle and Buckingham Counties 

Table E.30 Monthly, directly deposited E. coli loads (cfu/day) in each reach of th
Troublesome Creek watershed (subwatersheds 17 & 23).

urce

e

Reach ID 
So

ype
January February March April May June

T

17 Human 4.84E +10 4.84E+10 4.69E+10 4.84E+10 4.69E+10+10 4.38E
17 Livestock 9.53E+09 8.61E+09 1.36E+10 1.84E+10 1.91E+10 2.24E+10

fe 1.28E +10 1.28E+10 1.24E+10 1.28E+10 1.24E+10
Human 1.18E+12 1.06E+12 1.18E+12 1.14E+12 1.18E+12 1.14E+12

7.59E+10 6.86E+10 1.08E+11 1.47E+11 1.52E+11 1.78E+11
23 Wildlife 1.34E+11 1.21E+11 1.34E+11 1.30E+11 1.34E+11 1.30E+11

17 Wildli +10 1.16E
23
23 Livestock 

Table Monthly, directly deposited E. coli loads (cfu/day) in each reach of the
Troublesome Creek watershed (cont). 

Reach
rce

ype
July August September October November December

E.31

ID
Sou
T

17 Human 4.84E+10 4.69E+10 4.84E+10 4.69E+10 4.84E+104.84E+10
17 Livestock 2.31E +10 1.84E+10 1.36E+10 1.32E+10 9.53E+09
17 Wildlife 1.28E+10 1.28E+10 1.24E+10 1.28E+10 1.24E+10 1.28E+10

23 Wi 1.30E+11 1.34E+11

+10 2.31E

23 Human 1.18E+12 1.18E+12 1.14E+12 1.18E+12 1.14E+12 1.18E+12
23 Livestock 1.84E+11 1.84E+11 1.47E+11 1.08E+11 1.05E+11 7.59E+10

ldlife 1.34E+11 1.34E+11 1.30E+11 1.34E+11

Existing an from direct-deposition sources for the Austin 
atershed (subwatershed 13). 

Annual Total Loads 

Table E.32 nual loads
Creek w

Source
(cfu/day)

Human
Straight pipes

Livesto

Wildlif

muskrat

Raccoon 6.75E+10

Turkey 8.10E+06

Total 4.00E+12

2.65E+12

ck
Beef 2.09E+11

e
beaver 1.02E+09
deer

duck
6.03E+09

7.46E+07
goose 6.96E+09

1.06E+12
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TMDL Development James River Tributaries in
Albemarle and Buckingham Counties 

Table E.33 Existin direct-deposition sources for the Ballinger 
Creek w

Annual Total Loads 

g annual loads from
atershed (subwatersheds 37 & 38). 

Source
(cfu/day)

Human
Straight pipes

Wildlife
m
raccoon 1.76E+11 

goose 1.97E+10 

Total 2.10E+13

1.37E+13
Livestock

Beef 4.04E+12

uskrat 3.01E+12

turkey 7.85E+06
beaver 2.20E+09
deer 1.58E+10
duck 2.11E+08

Table E.34 Existing annual loads from direct-deposition sources for the Frisby 
Branch watershed (subwatershed 2). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 4.12E+12
Livestock

Beef 7.34E+11 
Wildlife

beaver 7.58E+08 
deer 4.33E+09 
duck 5.62E+07 
goose 5.25E+09 

muskrat 7.99E+11 
raccoon 4.80E+10 

turkey 1.85E+06 

Total 5.71E+12 
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Table E.35 Existing annual loads from direct-deposition sources for the North 
River watershed (subwatersheds 13,14,15,16 & 22). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 1.69E+13 
Livestock

Beef 7.79E+12 
Wildlife

beaver 5.60E+09 
deer 3.00E+10 
duck 4.32E+08 
goose 4.04E+10 

muskrat 6.15E+12 
raccoon 3.46E+11 

turkey 2.47E+07 

Total 3.13E+13 

Table E.36 Existing annual loads from direct-deposition sources for the Rock 
Island Creek watershed (subwatersheds 34,35 & 36). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 1.63E+13 
Livestock

Beef 2.60E+12 
Wildlife

beaver 2.78E+09 
deer 1.79E+10 
duck 2.34E+08 
goose 2.18E+10 

muskrat 3.32E+12 
raccoon 1.96E+11 

turkey 1.16E+07 

Total 2.25E+13
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Table E.37 Existing annual loads from direct-deposition sources for the Lower 
Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,2
8,29,30,31,32 & 33). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 2.08E+14 
Livestock

Beef 5.34E+13 
Wildlife

beaver 3.93E+10 
deer 2.13E+11 
duck 3.00E+09 
goose 2.80E+11 

muskrat 4.27E+13 
raccoon 2.40E+12 

turkey 1.03E+08 

Total 3.07E+14
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Table E.38 Existing annual loads from direct-deposition sources for the Upper 
Slate River watershed (subwatersheds 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 21,22 & 23). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 7.50E+13 
Livestock

Beef 2.24E+13 
Wildlife

beaver 1.80E+10 
deer 9.42E+10 
duck 1.38E+09 
goose 1.29E+11 

muskrat 1.97E+13 
raccoon 1.08E+12 

turkey 5.28E+07 

Total 1.18E+14

Table E.39 Existing annual loads from direct-deposition sources for the Totier 
Creek watershed (subwatersheds 39,40 & 41). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 1.92E+13 

Livestock
Beef 3.77E+12 

Wildlife
beaver 4.35E+09 

deer 2.68E+10 

duck 4.08E+08 

goose 3.81E+10 

muskrat 5.81E+12 

raccoon 3.09E+11 

turkey 3.91E+06 

Total 2.92E+13
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Table E.40 Existing annual loads from direct-deposition sources for the 
Troublesome Creek watershed (subwatersheds 17 & 23). 

Annual Total Loads 
Source

(cfu/day)
Human

Straight pipes 1.45E+13

Livestock
Beef 1.73E+12

Wildlife
beaver 1.24E+09

deer 5.60E+09

duck 1.16E+08

goose 1.08E+10

muskrat 1.64E+12

raccoon 7.28E+10

turkey 4.50E+06

Total 1.80E+13


